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ABSTRACT 
A seismic reflection profile from onshore Bay St. George Subbasin in western 
Newfoundland was reprocessed and reinterpreted to determine thl' stru(tUrl' and l'\tl'llt 
of the Carboniferous rocks. The main emphasis of reprocessing was pi<K'cd on 
velocity analyses and dip move-out (DMO). The quality of the data was improwd 
significantly by the reprocessing. A few features which had not been discown:d 
before became evident. An example of this is an unconformity at a lkpth l)f J .O J,.nt 111 
5.0 km. 
The basin has the configuration of a half graben dipping to the: l'ast. The maxintu111 
thickness of the Carboniferous sediments is about 5 km in individual dcpm:cntrc:s. Tht· 
basin appears to be bounded downwards by unconformity "U", which scparatl.'s the 
Carboniferous rocks from either Lower Palaeozoic rocks or Precambrian rocks. 
The fault system is very complex. A few faults <.:orrc:spond to the: surfal:c gl·ology. 
The pattern of faults suggest that the basin was opened by strikt: slip mowmcnts and 
later deformed by compressional forces. 
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Chapter 1: Introduction 
The main objective of this project was to reprocess and interpret a seismic 
profile across Robinson's river, Bay St. George subbasin of western 
Newfoundland. This study was undertaken to try and define the structure and the 
extent of the Carboniferous rocks. The processed data had indicated that the basin 
could be as deep as 4 km (Ha11 ct at., 1992). However, this was not clear due to 
the complex structure of the profile. It was felt that reprocessing the profile 
especially with special emphasis on pre-stack migration i.e. dip moveout 
correction (DMO) would improve the data quality and hopefully the interpretation. 
The basin, which forms the eastern portion oi the Magdalen basin (figure 2.1), 
has been a target of many geophysical and geological studies dating as early as the 
1950's. Vemall (1954) compiled a gravity report of the St. George's Bay 
lowlands onshore. Spector ( 1969) reported and interpreted an aeromagnetic survey 
conducted in 1969 by Lockwood Geophysical. Knight (1983) mapped the geology 
of the Carboniferous rocks onshore. Peavy (1985) compiled a potential fields 
study on the area. This study suggested that the basin could attain a depth of up to 
4 km. The study was not well constrained by other geophysical data. Kilfoil 
( 1988) attempted an integrated geophysical study on the basin onshore using all 
available geophysical data at that time. The conclusion was that the basin could be 
a half graben about 2 to 4 km depth. Miller et at. ( 1990) combined both the 
studies of Peavy (1985) and Kilfoil (1988) and found that the basin could be as 
deep as 3 km. 
The data for the current proja;t were acquired in October 1989 for Memorial 
University of Newfoundland and the Government of Newfoundland and Labrador 
through a contract with Capitano Geophysical Limited of Calgary Alberta. The 
aim of conducting this seismic survey was to try and imat;,e the structure of the 
basin onshore using seismic reflection. The offshore section of basin had been 
covered by a seismic reflection survey of Mobil Oil in 1971 and 1973. These 
seismic sections are generally poor in quality, though the structures they ;evcal are 
similar to those of the current seismic profile. The Cabot Strait area, 75 km 
southeast of the study area, had been covered by a reflection survey of Petro-
Canada, between 1981 and 1983. Very little seismic data covered the onshore 
section of the basin. Therefore, the seismic survey was deemed necessary. These 
data were of very high quality, but needed careful processing because of the 
complexity of the structure. 
Data were processed using the STARPAK software centred around a CONVEX 
Cl XL mini-supercomputer. Apart from DMO, careful front muting, field statics 
based on refraction picks and more velocity analyses, most of the other processors 
are as mentioned by Hall et al. ( 1992). DMO is considered a powerful tool in 
cleaning up the data and helping image complex structures. 
The interpreted seismic profile favours the hypothesis that the basin is a half 
graben of depths up to 5 km. Most of the structural features and stratigraphy of 
the basin are discussed in the text and 3 models are produced. 
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Chapter 2: Regional gr•Jlogy of the Bay St.George Carboniferous Subbasin 
2.1 Introduction 
The Bay St. George Subbasin forms part of the Maritimes Carboniferous basin of 
Atlantic Canada (see Fig. 2.1). The basin formed as a pull-apart basin within a post-
Acadian dextral strike-slip system (Wilson, 1962). In this project most of the 
geological discussion is derived from the work of Knight ( 1983), unless otherwise 
stated. The geology here will only be outlined; for a detailed geology the reader is 
referred to Knight (1983) . Figure 2.2 is a general geology map of the study area. 
2.2 Pre-Late Devonian/Carboniferous geology 
The pre-Carboniferous basement, where not exposed, is likely composed of 
Precambrian age rocks (Williams, 1978), similar to those of the Indian Head 
Complex. Knight's (1983) interpretation indicates that the basement to the immediate 
northwest of the onshore Anguille outcrop was reduced to a peneplain of Grenville 
rocks during the Toumaisian, prior to deposition of the uppermost Anguille Group. 
At the hinge of the Flat Bay anticline, conglomerates assigned to the Anguille 
Group rest unconformably on Grenvillian basement, probably similar to that of the 
Indian Head complex (Knight 1982). This means that the lower Palaeozoic carbonate 
sequence may be limited in its southward extent from the Pon au Port peninsula 
(Knight 1983; Williams, 1985) toward the Bay St. George Subbasin, and may not 
underlie the CartJonifcrous. as is interpreted by Watts (1972) in the East Magdalen 
QUEBEC 
Meguma 
···· · 
··· · · · . . . 
0 100 
KM 
Figure 2.1. General geology of the Maritimes basin, showing its position 
relative to the Appalachian mobile belt and the location of the Bay St. 
George subbasin (modified from Hall et al., 1992). 
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Fig.2.2. The Bay St. George subbasin: outcrop geology in the vicinity of the 
seismic line (modified from Schillereff and Williams (1979) , Knight (1983) and 
Williams (1985)). 
Abbrevations: AMA = Anguille Mountains Anticline, BS = Barachois Synclinorium, 
FB =Flat Bay, FBA =Flat Bay Anticline, IHC =Indian Head Complex, LRF =Long 
Range Fault, SBF =Snakes Bight Fault, SDS =St. David's Synclinorium, SM = 
Steel Mountain Complex, BSG1. =Memorial University drillhole, H98 =Union 
Brinex H-98 well CBF = Crabbes Brook Fault, MDF =Mid-Bay Fault, RIF =Red 
Island Fault, RR =Robison's River. 
Heavy lines are the major faults mapped by Knight (1983) and Schilleriff and 
Williams (1979) . 
Arrows A and A' indicate the two ends of the seismic profile presented in this 
study. The potential field profile shown in Figure 2.7 is close to and parallel 
to the seismic line. 
B-B' is one of the gravity profiles interpreted by Kilfoil (1988) and quoted in 
this paper. 
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basin. Onshore, exposures of the Indian Head Complex consist of foliated dioritic to 
granodioritic gneisses which become more massive toward the south, with outcrops of 
anorthositP.S and layered gabbroic rocks cut by foliated rocks of granitic composition 
(Williams, 1985). Lenses and bands of magnetite occur within the foliated gabbros, 
and are the probable cause of the magnetic anomalies observed over the complex 
(Peavy, 1985). 
2.3 Late Devonian to Carboniferous Rocks 
2.3.1 Introduction 
A succession of late Devonian to Carboniferous age strata overlie Precambrian 
basement in the Bay St. George subbasin. These sediments have been subdivided into 
three groups, each distinguishable by its '-llaracter and mode of deposition. 
1. The Anguille Group (late Devonian to Early Mississippian), consists of 
nonmarine sequences of mo~tly red to grey fluviodeltaic shale to coarse sandstones, 
with local conglomerates. 
2. The Codroy Group (Upper Mississippian) consists of both marine and 
nonmarine sequences of siliciclastics, evaporites and calcareous sediments. 
3. The Barachois Group (lower Pennsylvanian) is made up of red to grey siltstone-
sandstone sequences of fluvial origin with minor mudstones and coals. 
The stratigraphy and sedimentology is further summarised in table 2. I and figure 
2.3. 
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Table 2.1. List of abbreviations 
cg - conglomerate 
ss - sandstone 
slst - siltstone 
sh- shale 
mdst - mudstone 
Jut - lucite 
carb - carbonate 
Is - limestone 
dol - dolomite 
cvap - evaporites 
gyp- gypsum 
anh - anhydrite 
hal - halite 
pot - potash salts 
clch - caliche 
peb - pebbly(es) 
mic- micaceous 
ark - arkosic 
arg - argillaceous 
fluv - fluvial 
x -b - cross-bedded 
plan - planer 
lam - laminated 
c -coarse 
rd - red 
gn -green 
gy- grey 
bm- brown 
bk - black 
seq(s) - sequcnce(s) 
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Table 2.1. Summary of the geolom of Bay St. George Subbasin (modified from Knight. 1983) 
Group 
Formation/ 
Member 
Undivided 
Barachols 
Barachois 
Seerston 
Formation 
Woody Cape Fm. 
~~~~ . Brook Mbf. Pond ~ Molllchlgnlck Lentil 
~ Membet 
• J--1 Cod roy 
I Jefferies Village 
I Member 
I 
I 
Codroy Road Fm. 
' Ship Cove Fm. 
Spout Fells Fm. 
Friars Cove F m. 
Anguille Snake's Bight Fm. 
l(ennels Brook Fm. 
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2.3.2 The Anguille Group 
The Anguille Group, which is the oldest and thickest of the sedimentary groups, is 
exposed in anticlinal structures. It shows rapid changes of facies. Knight ( 1983) 
interpreted that the Anguille records the creation and inlill of a deep lake measuring 
about 30 km by 100 km. The detritus for the inlill was mainly derived from the 
southeast of the Long Range Fault. A northwest trending marginal fault, parallel to 
the Snakes Bight Fault onshore, is assumed to lie concealed beneath Codroy strata just 
offshore at the present day coastline. The early subbasin may be viewed as a grahcn 
type feature, though its evolution is complicated by lateral strike-slip movements 
along the faults defining its margins to the southeast and northwest. 
The Kennels Brook Formation, the lowest in the Group, consists of a thick 
molassic sequence, comprising fluvial redbeds with minor lacustrine sediments that 
may have extended beyond the margins of the early subbasin. The strata are 
correlated with lower Horton or pre-Horton in other parts of the Maritimes Basin. 
The thickness of this formation is not known because the basal contact is nowhere 
exposed in the Anguille region; a drill hole (H98, see Figure 2. 2) which penetrated 
2200 m may not have drilled the true stratigraphic thickness. The conformably 
overlying Snakes Bight Formation, which is correlated with the Albert formation of 
New Brunswick, is composed of deep water clastic sediments typically deposited in 
alluvial fan-delta and submarine fan (turbidite) environments. The Friars Cove 
Formation consists of grey sandstones to black shales, and represents the transition 
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from a lacustrine through fluvio-deltaic to fluvial plain setting. This formation is 
equivalent to the well-known, petroliferous Albert Formation of the Horton Group in 
New Brunswick. The overlying Spout Falls Formation is correlated with the 
uppermost Horton in the Maritimes and consists of fluviatile rock sequences localized 
in three areas: (I) red and grey sandstones, minor siltstones ana conglomerate, with 
abundant scouring and well-bedded sheet geometry, are found mainly in the south; (2) 
grey and minor red conglomerates and sandstones overly the Grenvillian basement in 
the Flat Bay anticline ( Fischcll's Brook Mbr.); (3) a thick sequence of fault-bound, 
red arkosic rocks (Brow Pond Lentil) may also be partly equivalent to upper Codroy 
rocks. This unit is approximately 780-2250 metres thick and is thought to represent an 
exhumed fault scarp (Knight 1983). 
2.3.3 The Codroy Group 
This Group is similar to the Windsor Group of the Maritimes. It represents a 
regional transgression and shift to marine and marginal marine conditions in early 
Visean time. 
The lowest Ship Cove Formation . which on average has a thickness of 18-20 
metres. is mostly composed of well-laminated, grey limestones, becoming shalier and 
containing gypsum and marls upward . This formation is correlated with the 
Ma1 umber Formation of the early Visean of Nova Scotia and New Brunswick 
(Windsor Subzone A, in part). 
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The overlying Codroy Road Formation is made up of fine grained, red and grey 
siliciclastics, evaporites and minor car':>onate. Redbeds in the south give way to 
evaporites in the north. The thickness varies from 120 metres at Ship Cove to about 
300 metres in the Codroy Valley. This formation is roughly equivalent to Windsor 
subzone B (early Visean). 
The Robinson's River Formatio:1 is composed of four more or less equivalent 
members: the Jeffrey's Village Member of about 1400-2100 metres thickness. the 
Highlands Member (884+ m) in the St George's lowlands, and the Mollichignick 
(2275 + m) and Overfall Brook (345 + m) in the Cod roy lowlands. The formation is a 
complex succession of terrigenous clastic rocks with lcssl'r amounts of carbonates and 
evaporites and is correlated with the upper half of the Visean; that is, it is roughly 
equivalent to subzones C, D, and E of the Windsor in the other parts of the 
Maritimes. 
The Woody Cape Formation, consisting of predominantly grey, green and black 
fine grained siliciclastics, intercalated with micaceous sandstones, grey and black 
carbonates, and minor redbeds, has a thickness of about 690 metres. The Formation is 
placed in Windsor subzones D and E, which makes it partly equivalent to Overfall 
Brook and Mollichignick members earlier described. 
3.3.4 The Barachois Group 
Rocks of this Group occur in two outcrop areas and represent two different periods 
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of deposition . In the south, the early Namurian Searston Formation represents the 
Canso strata of the Maritimes Basin, while deposits in the St. George's Bay lowlands 
in the north are probably Westphalian in age, although neither the top nor the base is 
well defined in age. Lithologies include buff-weathering, grey sandstone intercalated 
with grey siltstone and/or grey to black mudstones, shales and occasional coal beds. 
Conglomerates and sandstones lying unconformably on the basement in the southeast 
arc included but may belong lu the Codroy Group. The thickness is not known 
exactly, but may be about 2500 metres for the Searston beds in the Codroy lowlands 
and about 1600 metres in the St. George's Coalfield. 
The Searston Formation is equivalent to the Canso Formation of Nova Scotia, but 
the uppermost Barachoi:; beds near Stephenville may be Pictouan (latest Westphalian) 
in age. The coal-bearing beds are Westphalian A to C in age but it is not clear 
whether the Namurian B and Care represented. 
2.4 Structural History 
The strata ar~ principally deformed by north easterly trending folds and faults 
produced during the Hercynian Orogeny in post or late Pennsylvanian times (Knight, 
1983). Major structUies trend parallel or subparallel to the Long Range Fault and 
associated faults within the subbasin (see Figure 2.2) . Folds vary from open and 
upright to tight and overturned. Fault types include high angle faults (dips of 60-90 
degrees). thrust faults and decollement zones (Knight, 1983). The structural style is 
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generally simple in the north where Precambrian basement gneisses underlie 
Carboniferous strata at shallow depth (Riley, 1962, Belt, 1969). 111 the south, 
particularly beneath the southern Anguille Mountains, the structure is complex and 
reflects the great thickness of the succession and the relative degrees of competence of 
the different lithologies. 
Major folds that show a northeasterly trend include the Anguille Anticline, Flat 
Bay Anticline and the Barachois Synclinorium. The Anguille Anticline is a large 
anticlinorium which exposes the Anguille Group strata in the Anguille Mountains, and 
is modified by numerous subsidiary folds . It is also cut by the Snake's Bight Fault 
close to its axial plane. At its northern limits it varies from moderately dipping to 
overturned. In the south, folds are arranged en echelon to the faults which strike 
generally in a northeasterly direction; in the north the Anguille Anticline swings to 
068 degrees. The Flat Bay Anticline, which is a harmonic folding of both Anguille 
and Codroy strata around a core of Grenville basement, trends 037 degrees. The 
Barachois Synclinorium is a broad open feature and trends 027 degrees. 
There are few structures of northwesterly trend. The St David's Syncline, which 
is situated between the Anguille and the Flat Bay anticlines, is peculiar because it 
trends at right angles to other regional structures. 
Knight (1983) mapped various thrust faults and decollement zones. Many of these 
developed locally within relatively incompetent evaporites and shales of the Snake's 
Bight and Codroy Road Formation respectively. Thrust faults of local extent occur 
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where there is competency contrast, for example where the thick black sandstone units 
overlie thick black shale units in the Snake's Bight Formation (Knight, 1983). A 
decollement zone is developed at the base of the Codroy Road Formation in the 
central and northern areas where fine siliciclastics and evaporites of the Formation 
overlie the Ship Cove Formation. 
High angle faults of northeasterly, northwesterly and easterly orientation are 
mapped by Knight (1983). The major ones of these are the northeasterly faults which 
include the Long Range Fault (Cabot Fault), the Snake's Bight and the Crabbes Brook 
Faults. En echelon fold trends arc associated with several of these faults which show 
right-lateral strike slip motion. Some faults show slickensides. The Long Range Fault, 
the most prominent of these faults, extends as a general straight feature along the full 
extent of the southern margin of the subbasin. This fault, though rarely exposed, is 
confirmed by aeromagnetic data (Miller et al., 1990). In the Codroy area, the fault is 
exposed twice on the Branch river and poorly on Stephen Brook. In the north the fault 
is not exposed at all. Field observations indicate two periods of movement, firstly 
strike-slip and secondly oblique-slip which have occurred most recently. South of the 
basin the fault dips generally southward at high angles, but locally is vertical or dips 
at high angles into the basin. Sediments within the basin adjacent to the fault generally 
dip steeply away from it, or are deformed in overturned synclines. 
The Snake's Bight Fault which transects the Anguille Anticline is represented by a 
prominent northwestward facing fault scarp. This fault trends parallel to the Long 
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Range Fault in the southwest but further northeast it swings eastward. The angle of 
intersection between the Snake's Bight and the Long Range Faults is approximately 25 
degrees. In a manner similar to that of the Snake's Bight Fault, the Crabbes Brook 
and the Ryan's Hill Faults trend subparallel to the Long Range Fault. These two show 
a downthrow to the southeast of several thousand metres and evidence of significant 
right-lateral movement, and show compression in an associated array of en echelon 
faults. 
2.5 Previous Geophysical Studies 
2.5.1 Introduction 
The Bay St. George's basin has been studied using most of the common 
geophysical methods, including potential field surveys with concomitant measurement 
of rock density and magnetic susceptibilities, and reflection seismic. 
In 1984 an underwater gravity survey was conducted from the CSS Dawson. In the 
summers of 1983 and 1984 gravity surveys were carried out in the areas onshore by 
personnel from Memorial University of Newfoundland. The Bouguer anomaly map 
(Fig. 2.4) in the current project combines data from all surveys that have been carried 
out to date. 
The magnetic data (Fig.2.7) is digitized from the existing aeromagnetic maps of 
the government of Canada (Kilfoil and Bruce, 1991). The data area covers onshore 
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part of the basin only. 
Mobil Oil obtained seismic data in 1971 and 1973 covering the central offshore 
region. The Lithoprobe East seismic reflection line 86-4 traverses the outer limits of 
the basin. Between 1981 and 198J, Petro Canada conducted a major seismic reflection 
survey in the Cabot Strait which is 75 km southeast of the study area. 
2.5.2 Physical Parameters 
Densities and magnetic susceptibilities for the samples of pre-Carboniferous 
basement and Carboniferous sediment rocks collected or obtained from drill cores 
were studied by Peavy (1985) and Kilfoil (1988). The results of their study are 
summarised in Table 2.2. 
2.5.2.1 Density 
Each sample was identified with respect to group, formation and or member and 
general lithology. The overall density of each member or formation was calculated by 
weighting the average density obtained for each rock type within the unit by its 
percent comp~sition. To get an estimate of the density for a particular group, the 
thickness contribution of the members of the group were used as weighting factors. 
Halite, gypsum and anhydrite from drill cores were sampled to obtain 
representative densities for the evaporite sequences. Average density of the evaporites 
is close to that of the Codroy Group, in which most of the evaporites are found. It 
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should be noted, however, that the known evaporite deposits contain significantly 
more gypsum and salt than anhydrite, thus the average density of an evaporite deposit 
is significantly lower than th?.t of the Codroy rocks (Miller et at., 1990). 
Table 2.2. Rock Densities (Miller et al., 1990). 
Group 
Anguille 
Cod roy 
Barachois 
Evaporites 
I Geological Unit (Fm/Mbr) 
Kennels Brook 
snakes Bight 
Friars Cove 
Spout Falls 
Fischell's Cong. 
Average 
Ship Cove 
Codroy Road 
Robinson's River/ 
Jeffrey's Village 
Highlands 
Brow Pond Lentil 
Robinson's River/ 
Overfall Brook 
Mollichignick 
Average 
Sears ton 
Upper Series 
Average 
Anhydrite 
I Dcnsity±SD (g/cm1) 
2.58±0.11 
2.67±0.10 
2.67±0.04 
2.59±0.04 
2.32±0.03 
2.63±0.06 
2.72±0.03 
2.48±0. 14 
2.40±0.09 
2.53±0.13 
2.58±0.03 
2.44±0.08 
2.55±0.12 
2.47±0.09 
2.51 ±0.08 
2.56±0.08 
2.54±0.08 
2.97±0.03 
2.28±0.03 
2. 18±0.03 
Representative densities of 2.63, 2.47 and 2.54 g/cm1 were obtained by Peavy and 
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Kilfoil (1988) from thickness-averaged samples from the Anguille, Codroy and 
Barachois groups respectively. Anguille units show higher densities and hence density 
contrasts (relative to 2.67 g/cra1) lower in magnitude than the overlying Codroy and 
Barachois Groups. This is consistent with Knight's (1983) observation that competent, 
well cemented, Anguille clastics contrast sharply with the more friable, younger 
Carboniferous clastics. Consistent results were obtained for samples from the Indian 
Head basement. These samples of anorti.ositic to granitic compositions are locally 
gneissic (Williams, 1985) and have densities averaging 2.68±0.07 glcm3• This is in 
contrast to the measured densities of rock samples from the more anorthositic Steel 
Mountain Complex which averaged 2.83 ±0.034 glcm3 with 10 samples giving values 
above 2.70 glcm3 (Peavy, 1985). 
The greater variability in density of Steel Mountain samples is caused by a few 
samples of high density, two of which are greater than 3.20 glcm3• 
There were no samples available for measurement from offshore. Knight (1983) 
considers that the offshore Carboniferous sediments most likely belong to the Codroy 
Group. Thus, these sediments are considered to have densities similar to those of the 
Codroy Group (Table 2.2). 
2.5.2.2 Magnetic Susceptibilities 
The sediments have such low susceptibility that they can be considered transparent 
to an external inducing field (Peavy, 1985). In comparison, samples of basement 
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rocks show susceptibilities that vary from near zero to 6000 x t<t6 cgs units (Peavy, 
1985). Samples from the Indian Head Complex show consistently low susceptibilities, 
i.e.,< 100 x 1~ cgs units, but gabbroic lenses or layers rich in titaniferous magnetite 
within the complex (Williams, 1985) would be expected to have higher values. 
Samples from the Steel Mountain anorthosite were responsible for most of the 
variability in magnetic content of the basement samples measured, because they 
contained magnetite rich lenses or zones (Murthy and Rao, 1976). 
2.~.3 Potential fields data 
2.~.3.1 QuaUtative Study 
In order to separate the effects of the basement from those of the underlying 
sediments the gravity and magnetic data were subjected to a regional-residual 
separation procedure consisting of fitting third-order polynomial surfaces to the data 
sets. These maps are especially useful in discerning basement trends since removal of 
a low-order regional field eliminates the long wavelength portion of the field arising 
from general basement geometry (Miller et al., 1990). Figure 2.5 is the residual 
anomaly map after a residual-regional separation by fitting a third-order polynomial 
(Figure 2.6) to the Bouguer anomaly data (Figure 2.4). The polynomial surface was 
capable of discerning the main features in the region. This kind of polynomial fitting 
is similar to strike sensitive filtering as can be observed in Figure 2.6. The lows and 
highs can be seen clearer after the polynomial fitting {c.f. Figure 2.4 with Figure 2.5). 
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Figure 2.4. Bouguer anomaly map of the St. George subbasin. Contour intervals at 5 
mgals. Empty spaces are areas with no data. 
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Figure 2.5. Residual anomaly map of the St. George subbasin after fitting a third 
order polynomial surface to the Bouguer anomaly map of figure 2.4. 
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Figure 2.6. Plot of polynomial surface fitted to the Bouguer anomaly map. 
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Figure 2. 7. Magnetic data after fitting a third order polynomial surface to the original 
data. Contour intervals 100 nanoT. 
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Positive resitiual gravity anomalies correspond to small dimension basement 
topographic highs, and negative residuals indicate local thicker sedimentary 
accumulations, or even the presence of evaporites (Miller et al., 1990). The residual 
maps indicate that the sediments occur on both gravity and magnetic low (see Figures 
2.5 and 2.7). There are some areas within the sedimentary basin with magnetic highs, 
especially the Flat Bay anticline. This is assumed to be floored by the Indian Head 
Complex. Other magnetic highs could be related to the basement which is assumed to 
have lenses of magnetite (Peavy, 1985). More negative gravity anomalies in the 
offshore correlate with the thickening of the Carboniferous sediments there. The 
strong northeast trending gradient with a positive step to the southeast corresponds to 
the Long Range Fault that defines the boundary of the basin (Miller et al., 1990). The 
Anguille and Flat Bay anticlines are expressed 1S relative gravity highs paralleling the 
general trend of the Long Range Fault. The general pattern of closely spaced gravity 
contours associated with these features sugge~ts that both are fault-bounded to the 
west, with westward downthrow tmd thickening of the sedimentary wedge. 
In addition to the strong northeasterly trends, secondary east-west trends are also 
significant. East-west lineations formed by the truncation and apparent dextral offset 
of residual gravity features indicate the presence of the east-west trends. Strike 
sensitive filtering also discerns these features. 
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Figure 2.8. Cross-section near Robinson's River showing gravity profile, 
geology, 2-D and 3-D gravity models (after Peavy, 1985). 
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2.5.3.2 Quantitative Analysis 
Peavy (1985) used a 2.5-D gravity inversion and 3-D forward modelling on 
profiles across the subbasin in order to determine the basement topography and the 
thickness of the sediments. Before undertaking the inversion qualitative interpretation 
of the gravity and magnetic data was made similar to that discussed above. In all the 
profiles a density contrast of -0.18 g/cm3 between the average sediments and basement 
was used. All sta!ions with positive anomalies were removed from the profiles 
because the density contrast is negative. A strike length of 60 km, determined from a 
geology map, was used in all of the 16 profiles. 
From the 2.5-D inversion model, the Crabbes Brook Fault was interpreted to have 
an apparent downthrow to the west of 1.5-2.0 km at the northern end, reduced to 0.5 
km near the Anguille Anticline. The average depth of the Barachois Synclinorium 
determined from this study was -4 krn. The average thickness of the sediments in 
the Brow Pond area was about 1.5 krn. The thickness of the Anguille strata in the 
southern part of the area was not well defined owing to the limited number of data 
points in this area. 
The results of the 3-D modelling were in good agreement with the 2.5-D 
inversion. Figure 2.8 is a cross-section close to and parallel with the Robinson 's 
River seismic line showing the geology and 2.5-D a.J.d 3-D models. The only 
difference between the two models was a 2 mgal discrepancy in the Barachois area. 
Potential fields solutions are non-unique. All the above results need to be 
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constrained with other geophysical data. Kilfoil (1988) tried to use some of the 
available offshore seismic data in the area to constrain his models. Four profiles were 
modelled. One of the models (Figure 2.9) is shown here alongside the interpretation 
of a seismic line across the same section. The modelling process was one of 
interactive forward modeJiing after inversion techniques had been developed and used 
to determine the configuration of the evaporite deposits (Kilfoil, 1988). The model 
shown here demonstrates that the Carboniferous sediments fill a half-graben structure 
with the thickest sediments just offshore. In contrast the sediments are thinner 
onshore. Offshore sediments are up to 6 km thick, while onshore sedimer.ts attain 
thicknesses up to 3 km (Miller et at., 1990). 
2.5.4 Seismic: data 
Kilfoil (1988) used the offshore data acquired by Mobil Oil in the early 1970's to 
do an integrated gravity, magnetic and seismic interpretation of Bay St. George. 
The most prominent reflector, identified on most of the seismic sections and 
denoted by the thick line in Figure 2.8, is interpreted as the pre-Carboniferous 
basement. From this section it is obvious that the basin thickens, i'l general 
monoclinally, to the southeast. The southeastward dip of the strong reflector is 
interrupted locally by at least one basement fault downthrown to the northwest. 
Basement reflector picks on the seismic lines trending east-northeast have very little 
dip, indicating that these lines are oriented nearly parallel to basin strike, as is 
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expected from trends observed on the gravity maps (Miller et al., 1990). 
The seismic data support the interpretation that the basin is an asymmetrical half-
graben with the basement dipping toward the Ray St. George southeastern coastline 
and striking subparallel to the Long Range Fault, which defines the basin margin. 
The Mid-Bay and Red Island strike-slip faults have also been mapped in Bay 
St.George (Langdon, pers. comm., 1992). These two faults trend parallel or 
subparallel to the Long Range Fault and take up some of the dextral offset associated 
with the regional strike-slip system. 
Salt structures that have been mapped offshore trend parallel to the regional fault 
system and proLably are oriented according to stress conditions at the time of faulting. 
These salt structures are offset by subsidiary east-west faults discussed earlier. 
The Cabot Strait seismic data displays features similar to the Robinson's River 
data; this particularly applies to the structural style of the detachment within the salt 
at th.: base of the Codroy (see Figure 2.10). The basin in this area, bounded by the 
Long Range Fault and the southward extension of the St. George's Bay "Coastal 
Fault", is similar in shape and dimension to that observed in the Robinson's River 
area (Langdon, pers. comm., 1992). 
30 
20 
(a)10 
0 
-10 
-~-20 
E 
-
-30 
(b) 0 
4 
-~ 8 
-
.s= 
-ar 12 
0 
0 10 20 30 40 
Distance (km) 
50 60 
OObserved 
_ Calculated 
70 
Legend 
0 
(c) 0 Codroy Group 
1 ~ Anguilla Group u Q) 2 en 
-~ m Salt 3 
. EJ Basement 
Figure 2.9. Modelled interpretation for profile B-B' oriented NW-SE (fig. 2.2) 
from Kilfoil (1 &88). a. Distance along profile in km indicated below gravity 
profile. b. Geological model inferred from gravity and seismic data along B-B'. 
c. Two-way travel time line drawing of significant reflectors along the seismic 
line (E-20). Thick, dark line represents basement, thin lines are intra-carboni-
ferous reflectors. Salt indicated by hatched pattern. Une is shown in correct 
lateral position relative to the longer gravity profile in (b). Vertical scale 
is two-way travel time in seconds. Horizontal scale is the same as in (a). 
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Figure 2 .10. An example of a seismic line from the Cabot Strait area; £1le central portion is 
similar to the graben shown on the Robinson's data (modified from Langdon and Hall, in prep.). 
Chapter 3: Seismic Renection Profile 
3.1 Introduction 
The aim of the seismic survey was to image, by the seismic reflection method, the 
subsurface structure of the Carboniferous and older age rocks occupying an area of 
land in the vicinity of Robinson's River in the Bay St. George sub-basin of western 
Newfoundland (see Figure 2.2). Surface mapping and shallow borings had indicated a 
complex structure in the Carboniferous rocks in the area, but the overall structure 
appeared to be basinal (i.e. synclinal) with a possible thickness of 4 km of 
Carboniferous rocks in the area east of the Trans-Canada Highway (Knight, 1983). 
Thus, the seismic line was designed to test this structure. 
12.68 km of seismic data were acquired and processed. Th~: processed data show 
several sets of reflecting geological boundaries, some as deep as the base of the 
recorded section. A strong reflector at shallow depth, i.e. less than 2 km, appears to 
limit the downward extension of the complex structure mapped at the surface. Below 
the strong reflector are bands of reflectivity with apparently simpler structure. 
After inspecting the processed data, it was felt that reprocessing of this line would 
possibly improve the events and hopefully the interpretation. 
Therefore. the processing in this project was carried out more carefully than 
previously done. A few procedures were included that had not been carried out 
originally. Examples of these include field statics based on refraction picks, prestack 
migration i.e. dip moveout correction (DMO) and more velocity analyses. 
3.2 Acquisition 
The seismic profile was acquired for Memorial University of Newfoundland and 
the Government of Newfoundland and Labrador through a contract with Capitano 
Geophysical Limited of Calgary, Alberta. The field parameters and their tolerance for 
discretionary choice at the start of the survey, were agreed upon before the survey 
with staff of the Provincial Department of Mines and Energy. The parameters were as 
follows : 
Recording instruments: 
geophone group interval 
spread 
geophones 
source type 
vibration point (v .p) interval 
common depth point coverage 
vibrator sweeps 
record length 
sample rate 
noise rejection 
240 channel DFS V with Calder FS, 
recorded on digital magnetic tape in SEG Y 
format; 
20m; 
symmetrical split, 26 station gap at v.p.; 
12 per group, spaced at 1.5 m, 14 Hz; 
Vibroseis: 4 mertz vibrators (max. peak 
force 44000 lbs each)over 30 m; 
40 m; 
6000 percent (60 fold stack); 
4 per v.p. with 8 m move-up, each 8 s, 
non-linear 20-90 Hz; 
4 s (correlated data); data also recorded 
uncorrclated (12 s length); 
2 ms; 
diversity stack plus alternating sweep anti-
phase for 60 Hz rejection. 
A gap of 13 stations (260m) each side of the v.p. was chosen as a compromise of 
retaining data at short offset and avoiding high amplitude vibrator-generated noise 
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based on tests conducted at the beginning of the acquisition. 
A 20-90 Hz non-linear (2 db/octave pre-emphasis) sweep ensured that ground-roll 
was avoided and the recording of high frequencies retained. 
Because the spread length including the gap at the v.p. exceeded 5 km, and the 
total length was only 12-13 km, it was decided to roll in to the spread from the first 
geophone station using the same v. p. interval, and to roll off the end of the final 
spread. There was no gap employed during the roll-on and roll-off. The roll-on and -
off was to ensure that the reflection point coverage extended the full length of the line 
and that the fold of the coverage near the line ends built up rapidly to the standard 
60-fold. 
Data were recorded using DFS instruments and a Calder Field System, with paper 
monitors of all shots produced on a Seistronix camera, and data recorded on digital 
magnetic tape in both correlated and uncorrelated form in SEG Y demultiplexed 
format at 6250 iJpi. 
3.3 Processing 
3.3.1 Introduction 
These field data were processed using the STARPAK software running on a 
CONVEX Cl XL mini-supercomputer. 
The processing included crooked line binning, field statics based on refraction 
picks, dip moveout correction, CMP gather, notching of 60 Hz, NMO correction 
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Figure 3.1. Data processing sequence. The processes in Italics are either new or 
those done throughly in this project compared to previous processing of Hall et 
al. (1992). 
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based on velocity analyses and constant velocity stacks, front mute, gain equalization, 
CMP stack, residual statics, time-varying bandpass filter, trace sum, finite difference 
time migration, coherency filtering and display. The order of the processing 
procedure is summarized in Figure 3.1. 
3.3.2 Pre-stack processing 
3.3.2.1 Geometry and Binning 
The binning strategy in this project was as determined previously in the original 
processing. 
The binning that was applied was a crooked line that was based on a processing 
line that gave a best fit to the midpoint distribution along the line. Owing to the 
surface gradients and line bends, the distribution of 635 stations at a surface-taped 
interval of 20m corresponds to a total horizontal crooked line length of 12.05 km as 
opposed to 12.68, the taped surface distance. Thus, on the final sections, every 10"' 
station numt)er wa~ annotated for every 1~ CMP rather than every 2Qlb, so as to 
compensate for the difference in surface and crooked line geometries. The geometry 
of the job was set in the original data processing. The binning procedure included 
setting up of the bins of width and length of 10 and 20 m respectively and applying 
them to the shot records. 
After binning only 72316 traces out of a total of 76320 (240 traces for each of the 
318 shot records) traces fell into 1251 bins because 4875 traces did not fall into any 
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Figure 3.3. Shot record 250 from TWT 0.0 to 0.2 s showing example of section used 
to estimate refraction picks. 
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Figure 3.4. Shot record 1 from TWT 0.0 to 0.2 showing portion used to estimate 
velocity of the weathered layer. 
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bin. There were 70574 traces in at most one bin, 871 traces in at most 2 bins and no 
traces falling in at most 3 bins. The maximum fold of any bin was 104 traces. The 
binning chart, Figure 3.2. is in folder. The binning width and length was 10 m and 
20m respectively. 
3.3.2.2 Field static corrections 
The aim of field statics corrections is to correct for the irregularities in the 
topography and in the thickness of the weathered layer in the subsurface. 
The field statics corrections were based on velocities estimated from the first 
breaks of the shot records. All the shots were plotted using vertical and horizontal 
scales of 100 cm/s and 5 traces/em respectively (see Figure 3.3). Only the first 0.2 
seconds of the shot records were analyzed because this was the only region of the data 
with reasonably good refractions. The vertical scale ensured time picking a resolution 
of 1 ms, thus quite accurate velocities and time intercepts could be picked. From each 
shot record, time intercept (t.) and velocity of the bedrock (vb) could be determined. 
The velocity of the weathered layer (v,.,) was determined from the direct arrivals of 
the non-gapped records (see Figure 3.4 ). The assumption made at this point .,.. :ts that 
the direct seismic wave travelled at the top of the weathered layer. Thus, the slope of 
the direct wave is the reciprocal of the velocity of this layer. The following two 
equations were used to get the thickness of the weathered layer (z,.) and the static 
correction (Yilmaz, 1987) (tu) respectively; 
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z = 
"' 
1 
2 { vt - v!> 2 
(J .1) 
( 3. 2) 
where E0 and E, are the datum plane and the elevation in metres respectively. The 
datum plane was chosen as 150 m. to keep the statics as close to zero as possible. 
This was to ensure that the data were not shifted too much for further processing ; 
this is especially important for velocity analyses. 
From the results obtained it was observed that vb varied from 2.8 km/s to 
approximately 5.0 km/s and the lowest value of t0 was -39 ms while the highest value 
was +6 ms (see Appendix A) . The velocity of the weathered layer (v,..) was estimated 
to be about 2.0 km/s. This value is high but is the best estimate from the non-gapped 
shot records (see Figure 3.4). 
The values for the elevation were measured during the data collection. 
The values of statics calculated were applied to the shot records after binning and 
geometry had been applied . The time, t0 , was simply added to each shot and the 
appropriate receiver traces respectively. 
Figure 3.5 displays the results of field static corrections. From Figure 3.5b it can 
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Figure 3.5. Shot record 250 from twt 0.0 to 2.0 sec. (a) Before applying field statics. 
(b) After field statics corrections. There is not much difference between the two 
records, except that the events are shifted in (b) slightly upwards. 
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Figure 3.6. CMP 1000. (a) Before notching 60 Hz. (b) After applying a notch filter 
to reject 60 Hz, 120 Hz, 180 Hz etc i.e. multiples of 60 Hz noise. 
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be observed that there is not much difference between the two shot records. This was 
expected because of the modest values of t0 • 
3.3.2.3 CMP gather 
After binning and geometry were established, the data which had been either 
corrected for field statics or corrected for both field statics and dip moveout was 
sorted into CMP records. All the CMPs were saved on tape ready for further 
processing. Every 20 th CMP was plotted to check for any kind of noise inherent in 
the data. Though 60Hz noise was minimized during data acquisition, this noise was 
still present in the CMP gathers. To eliminate this noise, a notch filter, which rejected 
60Hz, 120Hz, 180Hz, i.e. multiples of 60 Hz, was used (sec Figure 3.6). This 
filter was applied in the time domain. 
3.3.2.4 Velocity analysis 
3.3.2.4.1 Constant-Velocity Stacks (CVS) 
The whole set of data was NMO-corrected at constant velocities and stacked. The 
velocities ranged from 2500 mls to 5500 mls. The choice of these velocities was 
based on refraction picks (Table A 1) and previous processing by Hall et al. (1992). 
At low velocities (2500 m/s to 3300 m/s) an increment of 100 m/s was used, 
otherwise at high velocities (3500 m/s to 5500 m/s) the increment was 200 m/s. At 
lower velocities the normal moveout, defined by the following equation (Robinson, 
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1983): 
(3. 3) 
is large, thus it was felt that small increments of velocity would retain more 
information, i.e. events would not come into, and fall out of, focus between 
velocities. At lart;er velocities the increment was increased, since the likelihood of 
losing data between velocities is less. 
The CVS were done for only the fmt 2 seconds of the data and all stacks (see 
Figures 3. 7a to 3. 7t, in folder) were plotted on paper for visual analysis. This is 
because most of the reflectors for which velocity estimation is critical are in this 
section. Figures 3.7a to 3.7t display all the velocities which were analyzed. The 
velocity picks on figures 3.7a to 3.7t were made after a comparison between these 
figures and the velocity spectra, and at the same time trying to discriminate against 
possible multiples. The data in this project image a complex structure, so CVS were 
particularly useful in choosing the stack with the best possible event continuity 
(Yilmaz, 1987). 
The CVS were used to compare velocity picks from CVNMO and velocity spectra. 
3.3.2.4.2 Constant velocity nonual moveout (CVNMO) 
Every 50 th CMP was NMO-corrected at constant velocities that ranged from 2500 
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to 5500 mls at increments of 200 mls. The results were displayed on paper for 
velocity picks (see Figure 3.8, in folder). This type of velocity analysis was important 
in determining velocities at T (TWT)=O. Otherwise, it was difficult to pick velocities 
from this analysis owing to the complex structure of this seismic line. Nonetheless, 
CVNMO gave a good velocity check to the velocity spectra and CVS. 
3.3.2.4.3 Velocity spectra 
Velocity analysis using contours (semblance plots) were performed on every 50 th 
CMP. The contours plotted were normalised semblance, which implies that the 
highest possible value is unity. For clarity, only values 0.3-1.0 at intervals of 0.1 
were contoured. This ensured that the effects of noise were minimized. Velocity 
spectra display stacking velocity analyses from CMP gathered records. 
Let us say we have traces a~o a2,-------,aN and we want to iind semblance at a 
certain time 'T'. This is found for a set of velocities (V., V2,------,V.). The move-out 
time using a hyperbo1ic normal move-out velocity vi for a trace with ral'lge 'r/ is 
(STARPAK Reference Manual, 1989): 
(3.4) 
The move-out times are rounded to the nearest sample point: 
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(3. 5) 
where T1 is the time at velocity vi and r1 is the range while SR is the sample rate. 
For a window length 'u' and a single velocity Vj, we have a grid of move-out data; 
a, (w1), a, (w1i + SR),----, a, (wlj + u), 
~ (w1;), ~ (w11 + SR),---, ~ (w11 + u), 
a, (wN), aN (wNj + SR),-----, a, (wNi +u). One of the ways of measuring the 
goodness of the move-out velocity is by finding the semblance, defined as: 
Semblance (3. 6) 
for a set of numbers. Semblance is unity when all the numbers are equal and as low 
as zero when the summed value is zero. In the case of multiple time samples in the 
window, the multichannel semblance is defined to be (Neidell and Taner, 1971): 
(3. 7) 
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Figure 3.9. Velocity spectrum of CMP 950. (a) Velocity spectrum before DMO 
correction. (b) velocity spectrum after DMO correction. Notice the increase in 
magnitude of both semblance and amplitude after DMO correction. Black dots are 
possible velocity picks. The question marks indicate probable multiples. 
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It should be noted that semblance includes cross-terms between traces and also terms 
of the overall energy of the traces. 
To calculate the semblance. interpolation was done between the highest and 
thelowest velocities, which were 2500 and 5500 m/s, using a velocity increment of 
100 mls. 
Let an input trace be divided in fixed time gates t1 ..... r_. Then the amplitude is 
defined as ; 
where x(f) is the Fourier transfonn of the input trace in time series. The RMS 
amplitude plotted in Figure 3.9 is defined as (Yilmaz. 1987) ; 
In most instances only a single CMP was analyzed at a time, though in some cases 
the average semblance of about 10 to 12 CMPs were contoured. This w:cJ to check 
for continuity of real events and to discriminate against false events. Only the first 2 
seconds of the data were analyzed because most of the reflectors are in this region. 
Velocity spectra were measured on CMPs both before and after DMO correction (see 
Figure 3.9). From a comparison of Figures 3.9a and 3.9b, it can be observed that th~:; 
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Table 3.1. Velocity defintlon before DMO-eorrection. 
·-r-
c MF 
50 
1 00 
1 50 
1 60 
70 
50 
2 
300 
350 
400 
450 
500 
5 
6 00 
6 50 
7 00 
7 50 
8 00 
8 50 
00 9 
9 50 
0 
50 
00 
100 
10 
11 
-- ·-
T v 
100 3050 
100 3000 
140 3500 
0 3300 
0 3300 
0 zroo 
0 zroo 
80 2900 
0 zroo 
0 2900 
0 3300 
140 3400 
120 2900 
140 3000 
200 2900 
100 3000 
200 3200 
200 3200 
0 3300 
... 
T v T v 
220 3200 3500 5500 
260 3300 3500 5500 
220 3700 3500 5500 
200 3700 520 4000 
200 3700 520 4000 
300 2800 560 4000 
300 2800 580 4100 
200 2800 300 3100 
200 3100 360 3300 
400 3450 
240 3300 460 3700 
14V 3400 480 3900 
240 3200 460 4100 
200 3600 520 4400 
560 4400 1400 5000 
600 4100 1220 4400 
260 3400 600 4000 
300 3500 520 3750 
220 3400 500 4000 
380 3900 640 4300 
300 3400 600 4200 
220 3600 600 4000 
T Is two way time in ms and V is velocity In m/s. 
T v T v T v 
3500 5500 
3500 5500 
3500 5500 
3500 5500 
1300 4500 3500 5500 
440 3800 1300 4500 3500 5500 
840 4200 3500 5500 
1020 4700 1640 5000 3550 5500 
1440 5000 3500 5500 
1280 4500 1500 5000 3500 5500 
1500 5000 3500 5500 
3500 5500 
1600 5000 3500 5500 
1380 4600 1800 5000 3500 5500 
600 4100 1800 5000 3500 5500 
1460 5000 3500 5500 
1460 5000 3500 5500 
1500 4900 3500 5500 
1440 5100 3500 5500 
I 
Table 3.2. Velociry definition ater DMO-correction. 
CMF T v T v T v T v T v T v T v 
-·- --- --
50 120 3000 220 3200 
100 40 3000 100 3100 260 :mo 380 3700 440 
150 0 :nxl 210 3500 440 4200 3500 5500 
3500 5500 
4000 500 4400 3500 5WO 
200 80 3600 500 4000 3500 5500 
250 0 3:D) 80 3700 600 4100 1100 4600 3500 5500 
300 210 2600 500 3600 940 4400 3500 5500 
350 0 2800 560 3400 820 3900 940 4300 1740 4800 3500 5500 
400 0 2700 300 3100 660 3300 860 3800 1600 4700 3500 5500 
450 0 2700 380 3400 440 3700 660 4000 13)0 4600 3500 5500 
500 0 2800 23) 3100 ..00 3400 600 3800 1080 4700 3500 5500 
550 80 2900 460 3800 840 4000 1080 4700 1640 5000 3500 5500 
600 100 2900 220 3200 460 4000 1180 4600 1440 5000 3500 5500 
650 0 3300 340 3600 460 4100 800 4500 1!m 4800 1500 5000 3500 5500 
700 0 3300 300 3700 500 4000 960 4600 10AC 48()1) 1540 5000 3500 5500 
750 100 3400 600 4400 1000 4800 1560 5000 3500 5500 
800 60 3000 580 4200 1260 4600 1380 5000 3500 5500 
850 160 3000 600 4000 1300 4600 1580 5000 3500 5500 
900 100 2900 520 3700 600 4100 1440 5000 3500 5500 
950 100 3000 200 3200 ..00 3800 540 4100 760 
1000 0 3000 160 3100 380 3700 600 3900 740 
1050 0 3000 ~ 3400 600 4100 1360 5200 3500 
1100 0 3300 320 3500 400 4200 600 4500 1720 
1150 140 2800 300 3500 440 4200 980 4800 1600 
4500 1380 5200 3500 
5500 1 4400 1380 5200 3500 5500 
5500 
5000 3500 5500 i 5000 3500 5500 
1200 100 2700 400 4000 3500 5500 
---
---- -
T is two way time in ms end V is velocity in m/s. 
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Table 3.3. Mute specifications. 
c MP w f--- .. T w T w T w T w _ I 
50 20 100 500 230 861 420 1558 600 1989 700 
145 180 100 510 300 2385 760 
165 23 100 529 200 1500 530 2300 700 4336 950 
265 19 100 500 300 4424 1060 
305 352 100 509 360 1538 800 3588 1100 
425 252 100 500 350 1700 700 2474 1060 
505 352 100 509 290 2486 900 
525 257 100 500 260 2200 780 2400 860 
565 232 100 540 220 2538 850 
625 280 100 590 290 2000 680 2500 770 
705 233 100 550 270 1770 600 2459 730 
745 654 100 809 350 2000 620 
765 635 100 960 340 2100 630 
785 630 100 950 360 2400 710 
805 342 100 513 260 1540 520 2350 720 
845 280 100 485 220 1540 640 2450 780 
885 336 100 500 240 1500 600 2100 650 
1005 60 100 500 210 1500 550 3400 950 
1085 38 100 500 200 1300 600 2500 860 
1125 75 100 500 190 1200 450 1900 580 
1145 19 100 500 230 1600 500 
- --
T is two way time in ms and w is range in metres. 
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DMO corrected CMP has more picks than the CMP not DMO corrected. The 
magnitudes of the velocities did not vary much after DMO, (see Tables 3.1 and 3.2) 
but the amplitud~ and the semblance of the events increased, as can be observed 
from Figure 3.9. The velocity picks on Figure 3.9 were based on high semblance 
and increase in velocity with increase in time. This was aimed at discriminating 
against possible multiples. 
The velocity field specification was based primarily on velocity spectra with 
checks with CVS and CVNMO (cf. Figure 3.9 with Figure 3.10 in folder). 
3.3.2.4.4 Velocity field definition 
After all the velocity picks, the velocities were plotted as a function of CMPs. 
This was important in checking for typing errors and final adjustment of the 
velocities. The final results of velocity picks are displayed in tables 3.1, 3.2, Figures 
3.11 and 3.12 (both Figures in folder). 
3.3.2.5 Mute 
Muting is used to alter portions of a trace to zero (mute). The aim of muting in 
this project was to remove refractions and wavelets distorted by normal moveout i.e. 
•stretch". A front mute, which sets amplitudes of all samples between the start of the 
trace and the given mute value to zero, was used as defined in table 3.3. A front taper 
of 40 ms was used to prevent sharp data edges (STARPAK Processing manual, 1989). 
S4 
o.o 
U•U 
0 ·1 
0-1 
0-2 
0.2 
0.3 
Q.3 
0.4 
0.4 
o.s 
o.s 
o.s 
o.s 
0.7 
0.7 
o.a 
o.s 
o.9 
0.9 
1.0 
1 . 0 
1.1 
1.1 
l . 2 
1 . 2 
1 ·3 
1 . 3 
1 . 4 
1 • 4 
1 .s 
1.5 
1.6 
1 . 6 
1.7 
1 . 7 
1.8 
1 . 8 
1.9 
1 . 9 
2.0 
2.0 
(a) (b) 
Figure 3.13. CMP 630. (a) Before front muting. (b) After muting. (c) With NMO 
stretch. (d) With NMO stretch muted. 
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o.o o.o 
0.1 0. 1 
0.2 0.2 
0.3 0.3 
0.4 0.4 
o.s o.s 
o.s o.s 
0.7 0.7 
0.8 0.8 
o.9 0.9 
1 . 0 1 . 0 
1 . 1 1 • 1 
1 . 2 1 . 2 
1. 3 1. 3 
1 . 4 1 . 4 
1. 5 1 . 5 
1 .s 1.6 
1 • 7 1 . 7 
1 • 8 1 . 8 
1 .9 1 .g 
2.0 2.0 
(c) 
Figure 3.13 (Cont.) 
(d) 
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The mute values (Table 3.3) were determined by inspecting every 20th CMP. A 
transparency was passed along the CMPs, such that every time the alignment of first 
arrivals on the CMP changed, the mute specifications were changed. Figure 3.13 
illustrates the effects of front muting CMP 630 to remove refractions and NMO 
stretch. 
3.3.2.6 Dip Moveout correction (DMO) 
The aim of dip moveout-correction (DMO) is to remove the effects of a dipping 
layer on the moveout velocity in a CMP gather. A dipping reflector increases the 
moveout velocity, compared to a non-dipping reflector, by a factor of 1/cosO, where 8 
is angle of dip relative to horizontal. The assumption made in NM<>-correction is that 
the ground is horizontally layered, which is not always the case. DMO is the process 
which corrects the effect of dip in the data after normal moveout (NMO) and 
transforms it to zero-offset data (Biondi and Ronen, 1987). 
3.3.2.6.1 DMO Theory 
The impulse response in time-space coordinates of the DMO operator derived by 
Biondi and Ronen (1987) is an ellipse: 
(3.8) 
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o.o 
0.1 
0.2 
0.3 
0.4 
Q.5 
o.s 
0.7 
o.s 
o.s 
1 . 0 
1 • 1 
1 . 2 
1 . 3 
1 . 4 
1. 5 
1 .s 
1 • 7 
1 . 8 
1 • 9 
2.0 
00 ~ 
Figure 3.14. CMP 630. 9 (a) Before DMO correction. (b) After DMO correction. 
Note the improvement in the focus of events in (b). The muting in (b) was automatic 
in the process of DMO correction, but was reasonable. 
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where lt is the location of the impulse and x represents full offset. The above equation 
is only part of the operator, no amplitude information is included in it. Amplitude 
information is ignored at this point due to its uncertainty. The final result after all the 
analytical computations is: 
..;... J.t.ln[l - h - t.!! • ll 31 g (m~t,k) = L f(nAt,k) [e V n 
n•m 
jkln(l- ~(..!) 3] .ikln(l • .h- !-11-) 2 ) 
- e v· n - e v n. 1 
.iklnll + J1-!!2J 
+ e n (3. 9) 
where t = m • dt and s = n • dt. The complete derivation of equation 3.9 is 
contained in Appendix 8. The above expression is the DMO operator used in this 
project. It is implemented by stretching the space axis of an NMO-corrected shot 
gather, Fourier transforming the space axis, multiplying and integrating according to 
equation B.9, inverse transforming the space axis and then finally unstretching the 
space axis. 
3.3.2.6.2 Application of DMO 
DMO has to be applied in shot records whose geometry and binning have been 
established. Since this information is stored in the trace headers, velocity specification 
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can be defined in terms of CMP numben. Therefore, velocities defined in section 
3.3.2.4 were used to NMO correct the shot records, because DMO is only applied in 
STARPAK to data which have been NMO corrected. After DMO correction, NMO 
correction was removed from the shot gathen. The shot records were subsequently 
sorted to CMP records for further processing. DMO improves the events 
and removes a lot of noise from the data, as can be observed in Figure 3.14. 
3.3.2. 7 Automatic Gain Control (AGC) 
This is a trace-wise amplitude balancing process and so does not preserve spatial 
relative amplitudes. The equalization of amplitudes by AGC for structural mapping 
and conventional plotting defeats attempts to discern amplitude variations associated 
with changes in gas/water saturation or lithology (Dobrin and Savit, 1988). 
A fixed or variable length window slides down the trace one sample at a time. 
Within this window of the original unbalanced trace, the average of the absolute 
amplitudes is calculated (STARPAK processing manual, 1989); 
A= f, la1l 
.t-1 N 
The ratio of the desired output average amplitude (A VGAMP) to the average 
(3.10) 
amplitude calculated within the window is the gain scalar applied to the central sample 
point in the window: 
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S. AVGAHP 
A 
where A VGAMP is the average amplitude normalization level. 
(3 .11) 
AGC was applied mainly before plotting (see Figure 3.1), except before stack, to 
suppress anomalous amplitudes. 
The final plot was gained using a window of 500 ms, otherwise a window of 1000 
ms was used always. 
3.3.2.8 Stack 
The aim of stacking is to sum together all NMO corrected traces in a CMP record 
and output one stacked trace for each record. It is a very powerful tool for improving 
the signal-to-noise ratio of the data (Rietsch, 1980). The data were not weighted, only 
a direct summation being applied to the traces. Before stacking the data, all CMPs 
were NMO-corrected using the velocities defined in section 3.3.2.4. Subsequently the 
data were muted to remove refraction arrivals and NMO stretch. The mutes are as 
specified in tabl~ 3.3. 
Let a trace be represented as (Rietsch, 1980): 
(3. 12) 
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where a. is the j th sample of the first trace in the record, s. is the j th sample of the 
signal, the same on all traces. 1\ is the noise at the j th sample of the i th trace. The 
stacked trace~ is simply the sum of the 'L' traces in the record: 
(3.13) 
The signal-to-noise ratio on a single trace is the ratio of the signal energy to the noise 
energy: 
s"l 
. -
nf { 3. 14) 
The signal-to-noise ratio of the stacked trace is: 
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= 
L 1 xs 2 
~~n1nJc 
"' 
L 2xs 2 
~~ <n.txn1 ) (J.l5) 
Jt can be assumed that the noise is uncorrelated from trace to trace. This is reasonable 
for very long traces, so that 11a x f1t = 0, for all cases where i = k. Furthermore, it 
can be assumed ttaat the noise energy is about the same on all traces: 
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( 3. 16) 
From the above expression, it can be concluded that the stacking process increases the 
signal-to-noise ratio by a factor equal to the square root of the number of traces in a 
record. Therefore, the higher the fold of the data, the better the signal-t~noise ratio 
after stack. This seismic profile has an average fold of 60 traces per record, therefore 
stacking would theoretically be expected to improve the signal-to-noise ratio by 
approximately 7.7. Figure 3.15 displays the stacked data with no post stack 
processing. 
After DMO correction, the CMPs were stacked after NMO correction using the 
velocity defined in table 3.2. This section, as seen in Figure 3 .16 (also in folder) has 
better events than the section of Fig. 3.15, which was not DMO-correc.ted. For 
example the artifact at 0.2 to 0.6 s TWT in the vicinity of VP 570 to 611 has been 
removed by DMO-correction. 
3.3.3 Post Stack Processing 
Post stack processing consisted of residual static correction, finite-difference 
migration, time varying bandpass filter, coherency filtering, and final display. 
3.3.3.1 Residual static correction 
Residual statics corrects for deviations from proper hyperbolic trends. Field statics 
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corrections remove a significant part of these travel time distortions from the data. 
Nonetheless, these corrections usually do not account for rapid changes in elevation, 
the base weathering and weathering velocity (Yilmaz, 1987). From Figure 3.5, it can 
Table 3.4. Horizon and window length used to define reference trace. 
CMP TWI' Window lem~th 
~0 220 200 
100 260 • 
200 500 600 
250 600 • 
300 210 300 
400 300 400 
500 400 600 
550 450 • 
600 420 II 
650 450 • 
700 500 .. 
800 600 " 
850 620 .. 
900 520 .. 
950 450 .. 
1000 600 " 
1050 600 .. 
1100 600 " 
be seen that the events do not define a good hyperbola even after field static 
corrections. Therefore, it was necessary to apply residual statics. 
Building of a reference trace and determination of midpoint consistent statics is the 
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first step in residual static correction procedure. This reference trace is picked from 
the stacked data, where signal-to-noise ratio is high. Therefore, the DMO-corrected 
stack was used to pick the reference trace. Table 3.4 shows the horizon and the length 
of the window used, to define the reference trace. 
The detailed composite static equation which is used to resolve the midpoint 
consistent statics into surface consistent statics for a trace is given by (STARPAK 
reference manual, 1989): 
where 
T = total static applied 
S = shot consistent shift 
R = receiver consistent shift 
C = cdp consistent shift 
N = residual NMO coefficient (CMP consistent) 
x = trace offset 
D = cross dip coefficient (CMP consistent) 
y = cross dip distance 
and subscripts 
i = shot index 
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(3.17) 
j = receiver index 
k = cdp index 
Til:. residual NMO term in eq. 3.17 arises in case of incorrect (but not too 
1net>rrect) moveout velocity has been applied to a hyperbolic event. The term N is 
constant for the gather k. The crossdip term in eq. 3.17 may be important if the dip 
of the subsurface geology is not in the direction of the processing line (Lame-ret. al., 
1979). The angle between the dominant dip direction and the processing line direction 
leads to a time delay which is proportional to the crossdip distance. This distance is 
the distance of the trace midpoint perpendicular to the line of dominan~ dip direction 
which passes through the trace centroid. If g is defined as the subsurface dip, the time 
error is found to be: 
dt ,. 2 sin g Y .. D Y 
v 
where D is constant for CMP k. 
Equation 3.17 can be expressed in matrix form as: 
Ax=b 
(3.18) 
(3.19) 
where A is a matrix whose ij th component gives the contribution of j-th component 
69 
~-.., 
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of x to the i-th equation, and is based on the geometry of experiment; x is the vector 
of the consistent shifts to be determined; and b is the vector measured shifts (T;;).If n, 
is the number of equations and n .. is the number of unknown components, then the 
matrix A has the size f1e by n., the solution vector x is n, by l and the measured 
vector b is n. by 1. 
The matrix A has very few non-zero components, i.e. it is sparse. The above 
equations are either underdetermined or over determined, therefore, they are solved 
by iterations, specifically the Gauss-Seidel method. In this appr~ch the values of x 
recently found are used instead of values from previous iteration. For details of this 
method, the reader should refer to Wiggins ct al. (1976). There are several additional 
steps which are used to make the Gauss-Seidel solution robust; 
(a) The residual NMO and cross-dip terms are not allowed to exceed a user specified 
threshold value. 
(b) The equations are weighted with a power of the normalised cross correlation. 
(c) Picks which are too large are down weighted. 
(d) Equations which produce large errors in the averaging technique are eliminated. 
Before applying the statics calculated, the surface consistent statics were plotted. 
This was a checking procedure to get a feel of how the statics varied from one CMP 
to the other. From this plot, the maximum and minimum values of statics as a 
function of CMP values was + 12 and -12 ms respectively. These values are 
significantly small and not much change is expected to the data after applying them. 
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The surface consistent statics w~ finally applied to the CMPs which had been 
DMO corrected. The surface consistent static is the sum of receiver and shot static. 
This application finds the surface consistent static shift and applies it to the input 
trace. 
After residual statics correction, the NMO corrected CMPs were stacked. From 
this stacked section (Figure 3.17) there is not much change as compared to figure 
3.16, the section with no residual statics ap;>lied. 
3.3.3.2 Flnite-c:ifl'ereoce migration 
The airr. of migration is to move dipping reflectors to their true subsurface 
positions and collapse diffractions, thereby delineating detailed subsurface features 
such as fault planes (Yilmaz, 1987). A 45-degree finite-difference migration was 
applied to the stacked section after residual statics corrections. To minimize edge 
effects the data were padded at the edges with 100 dead traces. The traces were also 
weighted at the edges to reduce their amplitudes because the traces at the edges had 
such high amplitudes that they were causing a lot of edge effects. Only 40 traces on 
either side of data were weighted as follows: CMP 23 which was the first trace in the 
data was given a weight of 0.00001 whereas CMP 62, the 40th, was given a weight 
of 1.0. In between the weighting factors were interpolated using the CMPs. Similarly 
the last 40 traces (CMPs) were weighted in the reverse order so as to give the last 
CMP (1220) a weight of 0.00001 and CMP 1181 a weight of 1.0. After migration, 
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the CMPs were weighted back to normal. 
The mathematics for finite-difference migration are very complex, therefore, in 
this project only the fmal equation will be quolf(l. The basis for the 1.5-degrce finite-
difference migration is (Yilamz, 1987): 
(3.20) 
where Q is the retarded wave field, tis the input time, T is the output time, and y is 
the midpoint coordinate. The above equation is derived from the dispersion relation, 
assuming that velocity varies vertically. Nonetheless, in practice, l.he velocity function 
in the equation can be varied laterally, provided it is smooth. 
For 45-degree finite-difference, the above equation is modified to (Yilmaz, 1987): 
(3.21) 
where m is equal to 2wlv, {J1 and a 1 are coefficients such that for the 15-degree 
algorithm a 1 = 0.5 and {J1 = 0 whereas for the 45-degree a 1 = 0.5 and {J1 = 0.25. 
After residual statics application, the section was migrated using the velocities of 
Table 3.2. Figure 3.18 displays the results of migration . From this figure it can be 
observed that diffractions are collapsed and fault planes are revealed (cf. Figure 3.16 
with Figure 3.22, both figures also in folder). 
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3.3.3.3 f1Jterin& 
The data were filtered after migration using a bandpass filter and a coherency 
filter. 
3.3.3.3.1 Bandpass falter 
A bandpass filter, which varies with time, based on test panels (see Figure 3.19), 
was applied to the data after migration. In the region 0 to 2000 msec, a bandpass of 
20 to 90 Hz was applied, while in the section 2500 to 4000 ms a bandpass of 20 to 60 
Hz was used. The merge zone was 500 ms. Data between the two windows were 
merged from the end of the top window (2000 ms) to the beginning of the next lower 
window (2500 ms). All data were filtered. Filtering was done in time domain as 
shown below (STARPAK processing manual, 1989): 
F(t) "'LT(t-u) +O(u) (3.22) 
u 
where Tis the input trace, o is the filter operator, F is the filtered trace and • 
indicates convolution. 
3.3.3.3.2 Coherency filterin& 
The aim of coherency filtering is to enhance reflectors for interpretation purposes. 
The filter that was used for this kind of processing is one that attenuates incoherent 
energy within a specified slope. For each input trace and time sample, the processor 
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Rgure 3.20. Calculation steps In the coherency filter ( STARPAK reference manual. 1989). 
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checks the neighbouring traces for waveform alignment along several different time 
slopes (STARPAK ~sing Manual, 1989). The degree of alignment is a measure 
of coherency. After finding coherences, data with low coherency are attenuated. 
Therefore, seismic events aligning with at least one of the slopes, generate large 
ooherences and are preserved. The slope (FAN) used for the data was -6 to + 6 
ms/trace. The value of the slope determines the number of slopes to be generated for 
finding alignment. For example for a slope (FAN) of -6 to +6 ms/trace, 7 traces 
were generated at -6, -4, -2, 0, 2, 4, 6 ms/trace for sample rate of 2 ms. These 
generated slopes are used to find alignment for the input trace. A slope-stacked trace 
is formed by stac'dng the number of traces (i.e. 9 , the number used in filtr-ring this 
profile) along each slope thus generated. To the input trace a certain percentage of the 
slope-stacked trace is added to generate a model trace (see Figure 3.20). A coherence 
trace is formed by determining degree of alignment between the slope-stacked trace 
and the model trace at each slope within the user defined slope (FAN), using a user 
defined window. The maximum coherence trace is determined by finding the 
maximum coherence at each sample of the set of coherence traces. A threshold-
coherence trace is formed by attenuating the model trace using (coherence POWER) 
times (amplitude) for values of coherence below a certain value say THRESH (the 
values of POWER and THRF.SH for this project were 1 and 65 % respectively). A 
filtered trace is achieved by taking the amplitude of the threshold-coherence trace 
corresponding to the maximum coherence trace. For every input trace a corresponding 
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output filtered trace is made. A mixed coherence trace is formed by adding (filtered 
trace) times (max. coh.coHwDc) to (input trace) times (1 - max.coh.00HMIX). The value 
of COHMIX is user defined, and for filtering these data its value was set to 0. If 
window (WLNG) is not given a certain percentage (PERCMIX) (100 % was used to 
filter these data) of the input trace is added to the filtered trace to get a mixed trace. 
A suite normalization is applied to the amplitudes of all mixed traces, such that the 
average absolu~ amplitudes of the output is equal to that of input. Otherwise, if 
window (WLNG) is given, the amplitudes of the filtered trace is balanced using the 
window WLNG to get tracewise balanced trace. To get the mixed trace, percentage 
(PERCMIX) of the tracewise balanced trace is added to (100- PERCMIX) %of the 
input trace. In filtering these data, WLNG was not used, therefore, an enhanced trace 
was achieved by the former method. The choice of the parameters was based on the 
recomended values in STAPARK manual (1989). 
Figure 3.21 displays the results of bandpass and coherency filtering. The events are 
better focused in Figure 3.21 than in Figure 3.18. 
3.3.3.4 Final display 
The final section (in folder, Figure 3. 22) was plotted using a horizontal and a 
venical scale of 14 traces/em and 8 cm/s respectively. Two traces were summed to 
produce one trace. This is a 1: 1 section if an average velocity of 4 krnls is assumed 
for the whole section. 
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Figure 3.23. Deconvolution of CMP 630. (a) Before spiking deconvolution. (b) After 
spiking deconvolution. The lag and operator length were 2 ms and 250 ms 
respectively. Notice the noise in (b). 
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3.3.4. Other processln& 
An attempt was made to apply spiking deconvolution to the data (see Figure 3.23). 
From this figure, it can be oberved that deconvolution introduces a lot of ringing 
noise to the data. Therefore, deconvolution was not applied to the data. 
The data was quite clean, thus there was no need for such proce. <~ing 2.S F-K 
filtering, inner trace muting etc. 
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Chapter 4: Interpretation 
4.1. Introduction 
There are no deep boreholes in this part of the subbasin, thcrdorc, the gl·ulogic 
interpretation will be based on seismic character and surface geology as mapped by 
Knight (1982). The nearest borehole (BSGI, sec Figures ~.2 and 4.3) is located alhntt 
500 m north of the centre of the seismic line; it was drilled to a lkpth of 300 m and 
encountered only Barachois Group (Solomon, 1986). 
Data quality varies throughout the profile. Though reprocessing has improved all 
the data significantly, (compare Figure 3.22 with f igure 4. I, both ligures in foltkr} 
the best data occurs towards the centre of the line where several rl'llc<:tion pal"kagl'S 
occur. 
Most of the reflection packages are as identified by Hall l!l al. ( llJIJ2). l!Xcl!pt that 
they are more focused and distinct in the current profile. Unrorformity "U" and 
package "G" were not identified by Hall ct al. (1992). The two non-rctlective sct.:tion 
below (part of "D ") and above reflector "R" (part of "B") were not pn.:v iousl y 
identified (Figure 4.1). 
4.2. Description of the seismic line 
4.2.1 Reflections 
Reflector "R" 
As illustrated on Figure 4.2 (in folder) and interpreted on rigurc~ 4. 1 - 4.fl, tl~t· 
seismic character of the section changes across a strong reflector at 0.2 to 0.6 s 
Legend of Figure 4.:3. 
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Rgure 4.3. lhe St. George coalfield basin. (a) Knight's (1983) cross section projected onto the seismic profile. 
(b) Une drawing of the seismic profile taken from the reflectors picked on figure 4.2. 
TWT. On the cast, this reflector marked "R" can only b~ tr;h:~·d as sm;tll fragm~·nh 
which are separated from each other by faults. Rl?tlcctor "R" di, id~s th~· s~·di1m int~, 
two groups of strata, i .c. westward-dipping rdlcctors (padarl· "B" and "( "') ah11\ ~· 
the "R" and eastward pre-dominantly d ipping packages "I>" to 'T" lwl1l\\ (Halll·t 
al., 1992). 
Package 11 A11 
This package consists of high amplitude discontinuous ~,·~· 111s at thL· \H'st end of t il ~· 
seismic line. The dominant frequency of this package is allllllt .HI lit.. Thl' dqllh 
extent is about 0.6 sat dips of about !5° . There is a dip rL·, ·nsal at ahout VI' 170. 
probably indicating the presence of a fault. 
The high am;Jiitudc events give way downwards to a lmv amplitude /one with 
horizontal discontinuous events, similar to those obscrwd in the d~:L'JK~r pans of the 
sections. 
Package 11 8" 
"B" is a relatively high amplitude package with most of the I:VL'Ilts <.lipping Wl'st ;~t 
an angle of 20°, though some events arc gently cast dipping ;~t angk'> :< I (J''. 1\ kw 
folds which correlate well with the surface geology can be recognised. 
This package loses its coherent reflectors above "R " to thl' Wt:'>l nl'ar V Jl 250 
where it appears to be offset by a steep fault. Eastward at TWT larger than O.l 0.4) 
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seconds the package giv{'c; way t0 a much Jess reflective package overlying retlector 
"R" from VP 411 to 570. 
Package "C" is probably part of "B". 
J•ackage "))" 
Beneath reflector "R", this package is about 0.8 km to I km thick, if an average 
velocity of 4 km/s is assumed for the seismic section. lt is present from VP 230 to 
550 and appears to be fault-bounded at its eastern and western limits. This package 
which is both low reflective and of low amplitude, dips towards the cast. It is cut by 
minor and major faults and it appears irregularly bedded. 
Package "E" 
Package "E" is present from VP 160 to 630 and is about 1.-l km thick. This 
package exhibits strong parallel reflectors that dip to the cast but become nearly 
horizor~tal towards at their eastern extent. Dip reversals occur at about VP 590. 
The package is faulted in a very comp!ex manner towards the east end of the 
s~·ismic profile (VP 550 to 671). 
J•arkagr "F" 
This package consists of brief series of strong but discontinuous reflectors at a 
lkpth of approximately 5 km. The section between "E" a.1d "F" is weakly reflective, 
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though the eveni~, where focused, dip towards the cast. lklo\\ .. ,,. .. tlwn.· arl' 
discontinuous straight reflectors which are bounded at th~ir tl'P hy Ulh.'tmformity "ll". 
Package "G" 
This package comprises discontinuous straight rellertors and is s~parat~d from "F" 
by unconformity "U". It has generally low rencctivity except hl'lllW "F", wiK'rl' 
events are clear. Package "G" appears to be interrupted occasionally hy '' r~..·w 
eastward dipping events. These may result from shear Will'S in the nystallinl· 
basement. Alternatively tl1is would also imply that packagl.' "(i" rould rq>r~..·s~..·nt twl ' 
rocks of different ages, i.e. Lower Palaeozoic and Precambrian. 
Unconfonnity "U" 
Unconformity "U" separates "F" from "G". The seismic charactl·r anu the 
eastward dips of "f'" compared to those of "G" makes it po'>sihle to ith:ntify this 
event. It is clear in the centre of the section between 1.8 to ~ . 5 s TWT, but is not 
visible in the eastern and western faulted parts of the section. 
4.2.2. Faults 
The whole seismic section is cut by several steep normal faults. Many 01 u1est: Cl rl· 
minor without any pattern, though a few of them that arc markeu in Figure 4.2 adhnc 
to an extensional pattern with minor compressional featurt:'> prescnt. 
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At the ca~t end in the vicinity of VP 540 to 611, a compkx fault system is 
interpreted. Again, no clear pattern of extension or compre~sion can be established. 
and it is likely that a cross-section through a shear zone is being imaged. This is 
consistent with the regional geology, as the Cabot (Long Rangl! Fault), a regional 
strike-slip feature, occurs only 5 km to the east of the seismic profile. Ncar the top of 
the section, reflector "R" is displaced by movements on faults in this shear zone (sec 
figure 4.2). 
At VP 380, 2-way time 0.4 s, reflector "R" appears to have been cut by a low 
angle reverse fault. To check the validity of this feature, the Fresnel width of this part 
of the seismic line was analyzed. The Fresnel width (w) is gin:n by (Klcyn, 1984) 
1 
w = (2 z A) 2 ( 4. 1) 
where z is depth and 'A is the wavelength. If the dominant period is taken to be 20 
ms, and velocity to be 3300 m/s, then w is = 300 m. This means that the horizontal 
resolution at such a depth (0.4 s) is about 300 m. Therefore, the fault which is ahout 
200 m wide may not be resolved exactly, therefore, the thrust fault may not be a true 
l!\'Cnt based on this argument of Fresnel width. Nevertheless, this event could be real 
because after migration, which enhances lateral resolution, this fault is still evident. 
The two faults, marked with question matks, on either side of the seismic section 
tend to limit either eastward or westward extension of packages "D" to "F". The fault 
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from 0.5 to 6 m (Figure 4.3) maybe a growth fault controlling scdim~.·ntation in a 
half-graben. This is a very common situation in the Horton subbasins in th~ 
Magdalene Basin (Durling and Marillcr, 1993). It possihk th;tt pad;agcs "D" to 'T" 
extend further than mapped here, but deformation along th~.·s~.· !!f\lWih faults p.·~.·n·n l\ 
the detection of these packages. 
4.3. Interpretation of the seismic line 
4.3.1 Introduction 
There are number of possible geological interpretations of r~o.·lll"dor "R", pal.'ka~· ~,.· -; 
"A" to "G" and unconformity "U". The interpretation madl" IK'rl" willutilitl" all tiK· 
geological and geophysical information available, especially surfal.'e geology, lt)l,.'al 
drill hole data, nearby published and unpublished seismic l i n~.·s. rq~ional sl"ismic 
character in the Maritimes Basin and the Bay St. George St1hbasin, and regional 
geological setting. 
4.3.2 Reflector "R" 
There are four possible geological interpretations for retkctor "I<", a'> intcrprdl'd 
by Hallet al. (1992): 
1) Anguille/Codroy contact; 
2) Codroy/Pre-Carboniferous basement contact; 
3) a decollement within the basin; 
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4) marine Codroy/non-marine Codroy-Barachois contact. 
It should be noted however, that the third interpretation is not mutually exclusive of 
any of the other three. 
The first interpretation of "R• as Anguille/Codroy is alluring. from the charact~r 
of "R.", it looks similar to a regional reflr.ctor that has been idt:ntified in offshore and 
onshore seismic in the Maritimes Basin as the Horton/Windsor contact (Nickerson. 
pcrs.comm.), which is chrono-and litho-stratigraphically equivalent to the 
Anguillc/Codroy Group contact (Hallet al., 1992). A second, similar observation 
arises from tht:se observations. Seismic profiles described and illustrated in St. 
Gt:orgc's Bay (sec Figures 2.8 and 2.9) by Kilfoil (1988) , l\lilkr t:t al. (11}90) and 
Langdon ( 1991) show a very similar reflector that is interpreted as ncar base Cod roy 
upon Pre-Carboniferous rocks. This reflector defines a deep half graben beneath the 
bay. 
In either of the above two situations, the strong reflection character near the base 
of the Codroy is probably related to the presence of evaporites in the Codroy Road 
Formation (sec figure 2.3). In either case, n:garding the seismic profile at hand, if 
"R." is interpreted to represent the near-base-Codroy, then the unconformity "U" 
would represent the contact between Pre-Codroy rocks (Anguille and/or Lower 
Palaeozoic) and the Precambrian . 
The third interpretation calls for a decollement within the Carboniferous 
succession. This is favoured by the angular discordance rclkctors in overlying 
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packages •s" on "R" and the contrast in deformation bct\\e~.·n ~trata abuw and hl'l'"' 
"R" as has been noted by Hallet a!. (1992). Knight (l9~D) indi~.·;HI.'d that sud1 a 
decollement could explain anomalous structural relationships that occur around th1.' 
northern end of the Anguille Anticline, especially the mark~.·d '"·ontr~1st b~.·twc~.·n tlw 
degree of deformation within the evaporitic and fine grain1.·d \I rata ,,f thl.' (\1dn,y 
Group (Codroy Road Formation) and within the Anguillc (iroup and tl11: nmfurmahly 
overlying Ship Cove Formation limestones. The decollement is most lih·ly hl ,~~.·ntr at 
the base of the evaporitic sediments of the Codroy Road Fonn;ttion whkh could h1.· 
the low amplitude non-reflective package above reflector "I~" from VP 411 to VP 
581. If this interpretation is correct, then "R" would c:ombi Ill.' l'l~.·m~.·nts of 
interpretation 1 and 3 or 2 and 3 (Hall ct al., 1992). 
As a fourth possiule interpretation, reflector "R" could lh.: a prominent limcstou~.· 
bed known as the Crabbes limestone (Bell, 1948; Knight llJX .\). This un it allains a 
thickness of up to 15 m in coastal sections of St. George's Bay and separates lwd .. ,,r 
the lower Codroy Group from non-marine strata belonging to the upper Codroy 
Group and the Barachois Group. It is most probable that the linll'Stonc is not th~: 
cause of the reflector, because it may be too thin to be rc~ponsihlc for the strong and 
continuous character of "R". Nonetheless, its position between contrasted lithologies 
may cause it to be coincident with the reflector. 
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4.3.3. Packages "A" to "G" 
from Knight's (1982) geological mapping, package "A" contains sedimentary 
strata of the lower Codroy G:-oup and the underlying Fischcll's Broo~: Member of the 
Anguille Group. These rest unconformably upon Precambrian crystalline rocks that 
arc known to be the core of the Flat Bay Anticline and are imaged by the horizontal 
low amplitude discontinuous reflectors below 0.4 to 0.6 s TWT. However, the 
demarcation between the sediments and the Precambrian cannot be determined from 
the seismic profile. The boundary marked in figures 4.3 to 4 .6 at either end of the 
basin is structural rather than stratigraphic. 
The interpretation of packages "B" to "E" is difficult to make on the basis of 
seismic character alone. Their interpretation depends on the most reasonable 
interpretation of reflector "R". If "R" is the Codroy/Anguille or the 
Carboniferous/basement boundary accentuated or modified by basal evaporitic 
decollement, then "B" must include either Codroy and Barachois strata, or both. 
If "R" is indeed the 8Codroy/Anguille contact, packages "D" and probably "E" 
belong to the Anguillc Group, which would be approximately 2.0 to 2.2 km thick. 
In this scenario "D" consists of the uniform red sandstone of the Spout Falls 
Formation plus conglomerates of the Fischetrs Brook Member. The low reflective 
nature of "D" is characteristic of sandstones and conglomerates as has been identified 
in the Gulf of Mexico (Stuart and Caughey, 1977). The reflective nature of "E" is 
typical of lacustrine and deltaic rocks of the Snake's Bight and Friars Cove 
92 
Formations. "E" has same seismic character as Honon (An~uilk') Gwup Sl'dim~nts 111 
the Magdalen Basin (Durling pers. comm.,1993). Packagl! "1:" ap~ars to bl' 
continuous in the west and may be the same as package "A" . 
4.3.4 Unconfonnity "U" 
The interpretation of "U" will depend on the intcrprctatillll lll rl·tkctor "R" and 
packages "A" to "G". If"R" isAnguille/Codroycontact with 'T" as the l.uwl.'r 
Palaeozoic, then "U" is the Lower Palaeozoic/Precambrian l.'ont&K't. If low~r 
Palaeozoic is absent, then "U" is the Carboniferous/Precambrian boundary. 
Alternatively "U" could be the Carboniferous/Lower Palacotoil.' ront&u:t . if "F' 1s 
interpreted to belong to the Anguille Group and part of "G" to b~: Lower P&~lawruic 
4.4. Geological Models 
4.4.1 Introduction 
Some combinations of the alternative interpretations arc kasihlc. In Fig,m:s 4.4 to 
4.6, three of the most probable alternatives arc shown. All thl' mo<.lcls arl' hast·d 
solely on the alternative interpretations of reflector "R" and unconformity "ll". J·:arh 
of models A to C implies a different likely range for the Carhonifl'rous un<.lcrly!ng 
"R" (Hallet al., 1992) and different types of basement underlying "lJ". 
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Figure 4.4. Model A - "R" as the Anguille/Codroy contact with or without· decollement . 
The rock units are as indicated in the figure. 
4.4.2 Model A - nan as the Anguille/Codroy contact with oa· without d&olll'llll'nt 
Figure 4.4 illustrates model A, which interprets "R" as :h~· Anguilk•/C'odroy 
contact with or without decollement. This model as discussl·d by Hall ct al. ( 199~). is 
a compelling model because "R" can be correlated with Horhm/Windsor cont<Kt as in 
offshore and onshore seismic interpretations of the Maritinws Basin (Nickerson. Jll' rs. 
comm., Durling and Mariller, 1990). This would imply that Codroy and Baraclwis 
Groups occur above "R", overlying the Anguille Group. Th~: lm"· rdkctivc pa\.·k;~g~· 
overlying "R" could represent Codroy Group especially the Codroy Road Formation . 
Packages "D" and "E" may include Lower Palaeozoic Carbonates and tlysd1, but this 
is unlikely in this model becr.use the erosional truncation of the Lower Palacowic is 
missing. The magnetic field data suggest that the Grenville basement is at depth below 
the Barachois syncline, because of the rapid loss of amplitude, short wavdcngth 
anomalies which characterise the field over exposed basement under the adjacent I :Ia: 
Bay anticline, and immediately east of the Long Range fault (Fig 2. 7). The gravity 
field across the Barachois syncline shows a low with an amplitude of 10-15 mCial 
(depending on the choice of regional field). The Barachois/Codroy sequence has a 
density contrast of 0.22 Mg/rn3 (see Table 2.2) with basement and a !hickcning of this 
sequence from 0 to 1 km at the axis of the syncline would thus explain an anomaly o f 
9.2 mGal. This is barely enough to explain the observed low. It is thus likely that 
Anguille also underlies the syncline. From model A, 2.3 km of Anguillc (to include 
reflector package E), given a density contrast of 0.09 Mg/rn1 with basement, would 
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contribute no more than 8. 7 mGal to the gravity low. Given that these estimates arc 
directly from the 2-D :;lab formula (Telford ct al., 1990), they overestimate the 
gravity effect, especially for 'tight' structures. It is concluded that model A provides 
match to the gravity data. "U" would probably be the contact between the Late 
Devonian to Carboniferous rocks and the Precambrian basement if the Lower 
Palaeozoic is missing in this model. Otherwise, "U" could be the Lower 
Palaeozoic/Precambrian contact if "f." is Lower Palaeozoic. Alternatively "U" could 
he Carboniferous/Lower Palacozok boundary (sec Figure 4.4) 
Anguillc Group would correspond to Package "D" and probably "E" also ( i.e 
Spout Falls, Friars Cove and Snake's Bight Formations). From the seismic profile at 
hand it is obvious that packages "D" and "E" are conformable to each other. This 
would mean that "E" is confined to a down-faulted block that lay cast of the upthrust 
(irl·nvillian basement that now occupies the core of the Flat Bay Anticline (Hall ct al., 
19lJ~) . Anguillc Group is likely to be about 2.0 to 2 .2 km thick or more if all the way 
down to "U", contrasting greatly with the approximate 200m mapped around the Flat 
Bay Anticline and forming part of package "A" in the seismic profile. If package 'T" 
is indudcd, the total thickness is about 4 km, which is usual for Horton (Anguille 
liroup equi\'aknt) subbasins in the Magdalene Basin (Durling and Marillicr, 1993). 
From this seismic profile, it can be observed that Anguilk· Group is not deformed 
murh. The strata arc generally flat lying, though interrupted by faults here and there. 
This l'an be explained, possibly, by the nature of Precambrian basement which is 
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crystalline and magnetic compared to the non-crystalline and non-magnetic baSl'llll'nt 
beneath the Anguille Mountains where the Anguille Group is quite deformed. 
The Lower Palaeozoic may be either confined to packagl' "F" or absent in this 
model. Deformation at the east end of the seismic protilc (VP 511 to 640) probably 
indicates salt movements and basal detachment. There is a possibility that a shear 
zone is being imaged here i.e. from VP 511 to 640, TWr 0.2 s to 0.6 s. Surf<tcl! 
geology, nearby drill holes and the apparent conflict of overlying west dipping 
reflectors with "R" at the west end of the line, suggest that Barachois Group may fl'\t 
directly upon "R" from VP 250 to VP 390. This would m~an that if Codroy <iroup i" 
present in the west end of the line, it must be very thin ( < ~00 m). Otherwis~. it is 
evident that the Codroy Group may be present from VP 390 to 590. 
4.4.3 Model B- "R" as the Codroy- Barachois upon Prc-Lall' Drvonian-
Carboniferous basement with or without d~colll'mcnt 
Figure 4.5 shows model B, where "R" is interpreted as thl! Codroy-Barachoi'i upon 
Pre-Carboniferous basement plus or minus d~collcmcnt. This mo<ld, proposed by Hall 
et al. (1992) incorporates the interpretation of packages "B" and "C" as in mO<.h:l A. 
However, "R" would mark the Codroy-Barachois/Prc-Carbonif~o:rous <.:ontact. Thl! l'rl' 
Carboniferous basement rocks would likely include Lower P<tlilcuwi<.: orogenic flysch 
("D") and carbonates ("E") of the Anticosti Platform which overlay the Pn:carnbri<lll 
crystalline basement. In this model, unconformity "U" would scparatl! Lower 
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Figure 4.5. Model B - "R" as the Codroy-Barachois upon Pre-late Devonian/ 
Carboniferous basement with or without Decollement. 
Palaeozoic from Precambrian basement. The highly reilccti\'c nature of "E" suggl·sts 
sediments above crystalline basement rather than intra-crystalline basement 
reflectivity, thoug ... some southeast dips in Grenville basement arc observed in 
Lithoprobe data in deep seismic data in the area (Quinlan ct al.. 1992). From th~: 
magnetic field data (Fig. 2.7) it is evident, as discussed prc,·iously. th<tt the Grl·n,·ilk 
basement is at great depth. From the discussion of the gravity effect of mudd /\, it 
would be recalled that the gravity effect of Barachois/Codroy. separated from 
basement at reflector "R" is less than 9.2 mGal. This is kss than the ohscrwd low. 
suggesting that basement (Lower Palaeozoic or Grenville) dol'S not immcdiatl'iy 
underlie reflector "R". Structural relationships of "B" and "C" reflectors to "If' 
require some basal detachment. In both models 1\ and d, it is possible that the 
Crabbes Brook Fault may represent the outcrop expression of the detachment zone 
because "R" approaches the surface close to the mapped lu<.:ation of the Crabb~:s 
Fault. Outcrop in this section of the seismic line is poor and it is impossihic to Vl'ri ly 
this idea without some more research especially deep drilling . 
Model B has less integrity because erosional truncation at the top of the I .ower 
Palaeozoic ("D" and "E") below Carboniferous strata cannot be seen in the sdsmi<.· 
profile. 
4.4.4 Model C - A non-marine downlap within a half gr·ahen 
Model C, which is non-marine downlap within a half gral>l:n (l·igure 4.6), is ba'lcd 
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Figure 4.6. Model C - Non-marine downlap within a half graben. 
on Reflector "R" as marking Crabbes limestone, the top or \'is~an marine 
sedimentation in the basin (Hallet al., 1992). In this model packar~ "D" would hl· 
marine Codroy Group comprising evaporites, thin limestone and tine grained grey and 
red beds of the Codroy Road Formation and Jeffrey's Village 1\kmbcrs. The 
implication here would be that the Codroy Group (packagl' "D") would overly till.' 
Anguille Group (package "E"). It is unlikely that "E" is lower Palaeozoic strata 
conserved in a down-faulted outlier beneath the basin because erosional truncation al 
the top of "E" is missing. "E" rests unconformably on citlll·r Lower Palacozoil: or 
Precambrian crystalline basement "G", though the possibility th<ll Lower Palacowil· is 
present at "F" cannot be ruled out. The low renective package between "E" and 'T" 
appears to be conformable with "F". But, this is not very rkar from the seismic 
profile, therefore "F'· m4y be or may be not Lower Palaeutoic. 
In this model Codroy Group would be approximately 1.2 km thick overlying 1.0 
km of Anguille. The Anguille is a full graben as in model A. bountlcd by faull'i on 
either side. However, the faults that define this graben cannot he placed exactly on 
the seismic profile because of the many minor faults that cut the whole section . 
Packages "B" and "C" are interpreted as non-marine sediment' that infillcd a halt'-
graben nestled east of the Long Range Fault and south of the Steel Mountain 
anorthosite. One of the predominant features of these pack<tges ("Band "C") i'i th1 . .' 
west dipping reflectors that intercept "R" at some points and may imply 'itrat igraphic 
downlap. The downlap dipped at angles generally less than 2!J" for the reflector\. 
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This dip is a pcrrnis~ible repose for an offlaping sedimentary wedge deposited on a 
large alluvial fan (Hallet a1., 1992). 
Timing of the half-graben formation is not certain, but could have occurred during 
deposition of Windsor subzone C and even younger, since the Crabbes Limestone is 
likely not younger than early subzone C (Mamet, 1968; Knight 1983). The half-
graben evolved from late Vis~ through Westphalian as indicated by the age of the 
local coals (Hacquebard, 1972; Knight, 1983; Solomon, 1986). The east trending 
events with post-Codroy movements identified from seismic and potential fields dala 
in offshore Bay St. George (Kilfoil, 1988) may sugge5t a linked subsidence history of 
onshore and offshore of the subbasin. The fault system, though complex, suggests that 
the basin may have been opened by strike slip movements but , later deformed by 
compressional forces . 
The Barachois Group, though dominated by sandstones, contains some intervals 
dominated by shale and coal measures. Therefore, this could be imaged by the folded 
rcllcctors (Barachois syncline) in the middle of the seismic profile (VP 501 to 511 ). 
The cast dipping pa,·kages would then consist of thick sandstone dominated sequences 
separated by fine grained (shale/mudstone/sandstone) intervals, a few tens to a 
hundred metres thick (the strongly imaged, westward dipping reflectors), reflecting 
pulses of basin subsidence coupled with relative uplift of source areas (Heward, 1978 ; 
Blair and Bilodeau, 1988). As the half graben grew wider and the source terrane 
retreated, the basin formed a complex floodplain of rivers and swampy to forested 
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overbank areas (coal bearing Barachois) (Hall ct al., 199~). 
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Chapter 5: Conclusions 
Reprocessing of this seismic profile has yielded significant results. In previous 
processing DMO was not at all applied to the data, therefore it can be concluded that 
DMO is a powerful tool in improving data quality. In the current project, more 
features have been unveiled especially unconformity "U", clear distinction of the 
reflection packages ("A • to "G") and clear identification of faults ( see figures 3.20 
and 4.1). It is now easier to interpret the seismic profile. There is a clue now that the 
basin may be limited downwards by ·u·. The clear distinction of the packages ("A" 
to "G") have made it easier to place boundaries between the different possible rock 
units. 
There i!l no new data, either seismic or potential fields or driU hole data, that has 
been acquired in this area since this seismic line was interpreted by Hall et al. (1992). 
The unveiling of unconformity "U" has madt it possible to constrain the basin 
downwards. "U" could be either Lower Palaeozoic/Precambrian boundary or 
Carboniferous/Lower Palaeozoic boundary or even Carboniferous/Precambrian 
boundary. Reflector "R" is most likely to be a dkoUement being imaged within the 
Carboniferous rocks. Therefore, models A and Bare more likely than C. Model B 
requires a thick Lower Palaeozoic sequence in order that Grenville basement be deep 
enough to satisfy the magnetic field character. Since there is no surface evidence of 
any Lower Palaeozoic in this area, model B is regarded as sJmewhat Jess likely than 
model A. Moreover, the gravity anomaly map favours model A. 
The structure of the basin from the current study is that of half graben as modelled 
by Kilfoil (1988), Miller et al . (1990) and Hallet al. (1992). But, the depth and width 
extent of the basin is still uncenain. From the models, it appears that the basin could 
be as shallow ~ 2 km or as deep as 5 km. This contrasts with the 2-4 km models of 
Kilfoil (1988). 
More research, especially deep drill holes and seismic reflection data, is needed to 
verify the above findings. 
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Appendix A 
This appendix contains the values used to calculate field statics corrections and 
elevation values. 
Abbreviations are as follows; ti is the intercept time (ms); vb is the velocity of the 
bedrock (kmls); zw is the ttaickness of the weathered layer (m); Es is the elevation 
(m) and Td is the static correction (ms). 
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Table A.1. FIELD STATICS SPECIFICATIONS. 
station ti vb rN Es Td 
101 5 3.6 6.013 124 5.886 
103 10 3.6 12.03 124.5 4.411 
105 13 3.6 15.63 124.9 3.498 
107 15 3.6 18.04 125.3 2.852 
109 15 3.6 18.04 125.8 2.713 
111 15 3.6 18.04 126.2 t-2-:602 
113 15 3.6 18.04 126.7 2.463 
115 15 3.6 18.04 127.1 2.352 
117 15 3.6 18.04 127.5 ~~ 119 16 3.6 19.24 128 i-J.~~ 
121 1~ 3.6 21.65 128.2 1.245 
123 ~0 3.6 24.05 1-127.5 · ·-::...-0.905 
125 25 3.6 30.07 126.8 -0.24 
127 27 3.6 32.47 125.7 
:-
-0.47 
129 29 3.6 34.88 124.5 -6.67 
131 28 3.6 33.67 123.3 -om 
133 25 3.6 30.07 122.1 1.668 
135 23 3.6 27.66 120.9 1.936 
137 22 3.6 26.46 119.7 2.537 
139 2f ~625° 25.18 118.5 3.046 
-141 20 3.625 23.98 117.3 3.646 
143 19 3.625 22.78 116.9 4.025 
145 18 3.625 21.58 116.6 4.376 
3.625 21.58 116.3 
1-·-· _-
147 18 4.459 
149 18 3.625 21.58 115.9 4.57 
151 19 3.65 22.71 115.6 4.291 
- --- -153 20 3.65 23.91 115.2 4.13 
t--
0 155 114.9 - -22 3.65 26.3 3.672 
157 24 3.65 
0 
28.69 r-114.6 
>----- - -
3.214 
159 26 3.65 31.08 114.2 
----:;:- - - --
2.783 
161 29 r-- 3.7 34.47 113.9 1.838 
- -----·-163 32 3.7 38.04 112.6 1.37 
3.725 41.49 
!-----, - --- -.· ---
165 35 109.5 1.266 
167 38 3.75 44.92 107.4 
-----::-0 - - -
0.878 
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Table A.1. FIELD STATICS SPECIFICATIONS. 
169 41 3.8 48.22 109.8 -0.84 
171 44 3.85 51.49 112.1 -2.53 
_  1~ 46 3.9 53.58 114.3 -3.9 
175 47 4 54.27 115.3 -4.89 
- ··177 47 4.05 54.05 116.4 -5.38 
179 45 4.125 51.45 117.4 -5.35 
181 41 4.2 48.63 118.5 -4.71 
-183 38 4.3 42.93 118.6 -4.18 
1--·185 35 4.35 39.41 118.7 -3.45 
187 31 4.45 34.7 118.8 -2.54 
189 28 4.525 31.21 118.9 -184 
·- -
- ·- -==- f:i4 191 25 4.6 27.76 119 - ,t I 
193 22 4.675 24.34 119.1 -0.35 
195 19 4.75 20.95 119.2 0.421 
197 ~7 4.8 18.7 119.3 0.941 
199 16 4.85 17.56 119.4 1.149 
201 14 4.9 15.34 119.5 1.686 
203 14 4.9 15.34 120.4 1.503 
f-· 205 14 4.925 15.32 121.2 1.298 
1- 207 14 4.925 15.32 122 1.136 
---
- · 15 209 4.9 16.43 122.8 0.689 
211 17 4.85 18.66 123.7 -0.06 
- · 213 19 4.775 20.92 124.5 -0.74 
- 7 - ·· 
215 - 22 4.65 24.37 125.3 -1.63 
217 24 4.5 26.79 126.2 -2.15 
-219 26 4.3 29.37 127 - 2.51 
221 r-"28 f-4.15 31.96 127.8 -2.93 
223 29 4 33.49 129 -3.12 
- · · ··---- '---: -
225 30 3.8 35.28 130.3 -3.17 f- ·- ·.== 
30 3.675 35.76 131.5 -3.12 227 
229 30 3.45 36.82 132.7 -2.72 
··- --------
231 29 3.25 36.79 133.2 -1.91 
--233 f---2! 3.1 35.34 133.4 -0.91 
·- - ----- -
235 2b 3 33.54 133.7 -0.16 t---.· - · 
22 2.9 30.38 237 134 0.803 
-- ·· 
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239 20 2.825 28.32 134.3 1.422 
241 17 2.8 24.29 134.6 2 .03 
134.2 -- ·-243 14 2.8 20 ~~ 
245 13 2.8 18.58 133.9 3.096 
247 12 2.8 17.15 f3i6 -3.408 
249 12 2.8 17.15 133.2 3.551 
251 12 2.8 17.15 132.9 3.658 
253 1b 2.8 21.43 132.6 3.152 
255 17 2.8 24.29 132.2 2.887 
257 19 2.8 27.15 131.9 ·.·=:-2.586 
259 19 2.8 27.15 131.6 2.693 
261 19 2.8 -· ·---::--27.15 131.5 2.729 
131.3----· 263 17 2.8 24.29 3.208 
265 15 2.8 21.43 131.1 3.688 
267 10 2.8 14.29 130.9 4.78 
269 8 2.8 11.43 131 5.153 
271 8 2.8 11.43 131 5:153 
. - ~-
273 8 2.8 11.43 131 5.153 
275 8 2.8 11.43 131 .1 
-· --7::::'" 
5.117 
2n 8 2.8 11.43 131.2 5.681 
279 8 2.8 11.43 131.4 5.01 
281 7 2.8 10 131.6 5.143 
283 7 2.8 10 131.8 5.071 
285 7 2.8 10 132.4 4.857 
287 7 2.8 10 132.9 4.678 
289 9 2.8 12.86 133.5 
-----:..-
4.056 
291 1~ 2.8 17.15 134 3.265 
293 15 2.8 21.43 134.6 2.438 
295 15 2.8 21.43 134.5 2.474 
297 15 2.8 21.43 133.8 2.724 
299 16 2.8 22.86 133.1 2.n 
301 16 2.8 22.86 132.4 3.02 
-- ---
303 16 2.8 22.86 133.3 2.698 
305 16 2.8 22.86 134.4 2.305 
307 16 2.8 22.86 135.5 1.913 
. - ·· -
115 
Appendix A 
TableA.1. FIELD STATICS SPECIFICAnONS. 
309 1t 2.8 22.86 136.7 1.484 
311 18 2.85 25.27 137.8 0.513 
~13 r ·-· 23 2.85 32.28 138.9 -0.92 f--- - 2.85 36.5 140.1 -1.97 315 26 
- 3171 27 2.85 37.9 141.2 -2.56 
319 28 2.85 39.3 142.4 -3.19 
----· 
321 28 2.9 38.67 143.8 -3.86 
1- 323 28 2.9 38.67 144.6 -4.14 
- --. -.::.-f---- f----::.-
r--38.67 145.4 -4.41 325 28 2.9 
327 28 2.95 38.09 146.3 -4.88 1--:- 28 3 37.57 147.1 -5.29 f-- 329 
331 28 3.05 37.09 147.8 -5.66 
'--":-- ·-· 
3.1 35.34 148.3 -5.72 333 27 
r--a35 25 3.125 32.54 148.8 -5.47 
-- -- 28.48 149.3 ~£ 22 3.15 -4.98 -- -339 18 3.15 23.3 149.8 -4.19 f--~ -
21.89 150.3 341 17 3.175 -4.14 ;-- 343 
- - 16 3.2 20.5 -150.6 -4.03 r--- -- - !----·---:- t---3.2 17.93 150.8 -3.61 f- 345 14 
347 1: 3.2 16.65 150.9 -3.4 
1- -- ---1----·12 
-3.iif 349 3.2 15.37 150.4 
351 10 3.2 12.81 150 -2.4 
- ---
353 9 3.2 11.53 149.5 -2.01 
----
355 7 3.2 8.967 149.1 -1 .4 f--- - -- -
3.2 6.405 357 5 148.6 -0.76 
359 3 3.2 3.843 148.2 -0.16 
--
f---- - -- -
0.16f 361 2 _3.~5 2.549 147.9 r-- ·- · 2 2.549 148.1 o.1mf 363 3.225 
365 1 3.225 1.275 148.3 0.285 
- -------- - -
o:492 367 0 3.25 0 148.4 f- - --
369 0 3.25 0 151 -0.31 
- 371 0 3.25 0 153 -0.92 
373 0 3.3 0 154.3 -1 .3 
- ---- - -- - . . 
375 0 3.3 0 155.6 -1.7 
3n o 3.3 
1--·--
156.8 0 -2.06 
------ ----=- --· 
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379 0 3.3 0 156.8 -2.06 
381 0 3.3 0 158.1 -2.45 
383 0 3.3 0 159.4 -2.85 
385 0 3.33 0 160.4 -3.12 
387 0 3.33 0 161.5 -3.45 
389 1 3.33 1.251 162.5 -4 
391 3 3.33 3.752 163.6 -4.83 
393 4 3.33 5.003 164.6 -5.38 
395 5 3.33 6.254 165.7 -5.96 
~ .397 5 3.33 8.254 166.7 -6.26 
399 5 3.33 6.254 167.6 -6.53 
401 5 3.33 6.254 168.4 -a.n 
403 1: 3.33 6.254 169.2 -7.01 ,. 
405 5 3.33 6.254 170.3 -7.34 
407 5 3.33 6.254 171.3 -7.65 
409 4 3.33 5.003 172.3 -7.7 
411 3 3.33 3.752 173.3 -7.75 
413 2 3.33 2.501 174.4 -7.83 
415 4 3.33 5.003 175.4 -8.63 
417 7 3.33 8.755 176.4 -9.68 
419 8 3.33 7.504 1n.4 -9.73 
421 6 3.33 7.504 1n.9 - ---=--9.88 
423 5 3.33 6.254 178.3 -9.75 
425 4 3.33 5.003 178.4 -9.53 
427 4 3.33 5.003 178.6 - 9.59 
429 3.33 5.003 178.7 ----=-=-4 -9.62 
431 4 3.33 5.003 178.6 -9.59 
433 4 3.33 5.003 178.2 -9.47 
435 4 3.33 5.003 1n.9 -9.38 
437 4 3.33 5.003 1n.5 -9.28 
-439 4 3.33 5.003 1n.2 - 9.17 
441 .4 3.33 5.003 176.8 -9.05 
443 5 3.33 8.254 176.5 - 9.21 
445 6 3.33 7.504 176.4 - 9.43 
447 7 3.33 8.755 176.4 -9.68 
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449 8 3.33 10.01 176.3 -99 
- -45f --·=-~.33 11.26 176.3 -10.1 9 
~53 9 3.33 11.26 176.2 -10.1 
--455 10 3.33 12.51 176.1 -10.3 
457 t--· 10 3.33 12.51 176.1 -10.3 
459 10 3.33 12.51 175.8 -10.2 
r-·-·- -·· iO 3.33 12.51 175.6 -10.2 481 
r-· 463 10 f- - 3.33 12.51 175.3 -10.1 
485 12 3.33 15.01 176.5 -11 
467 14 3.33 17.51 1n.1 -11.8 
- 469 14 3.33 17.51 178.9 -12.2 
471 14 3.33 17.51 180.1 -12.5 
- 473" 14 3.33 17.51 181.4 -12.9 
- --475 14 3.33 17.51 182.6 .:..13.3 4n 14 3.33 17.51 183.8 -13.6 
f-- 479 13 3.33 16.26 185 -13.8 
481 12 3.33 15.01 186.2 -13.9 
--- -- -
483 11 3.33 13.76 187.4 -14 
- ··-....- 3.33 12.51 188.2 485 10 -14 
---~--
487 9 3.33 11.26 188.4 -13.8 
489 8 3.33 10.01 188.4 -13.5 
-491 7 3.33 8.755 188.4 -13.3 
. - ·:.-=-493 ~- 6 3.33 7.504 188.3 -13 
. .. 
495 5 3.33 6.254 188.3 -12.8 
-- - ..=-
6 3.33 7.504 188.3 -13 497 ·- ~ - -499 7 3.33 8.755 188.2 -13.2 
------
501 7 3.33 8.755 186.8 -12.8 
503 7 -3.33 8.755 185.4 -12.4 
- --------
505 7 3.33 8.755 184.4 -12.1 
507 7 3.33 8.755 183.4 -11.8 1--- -
3.33 509 7 8.755 182.4 -11.5 ~----· ,_. 6 3.33 7.504 181.5 -11 511 f-------
5 3.33 6.254 180.5 513 -10.4 
·- - - - - -· 515 
>- -- -
4 3.33 5.003 179.5 -9.86 
517 4 3.33 5.003 178.5 -9.56 
· · - -
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519 2 3 .33 2.501 1n.5 -8.76 
521 0 3.33 0 176.5 -7.96-
523 0 3.33 0 175.5 -7.66 
525 0 3.33 0 ~7~~ -7.45 
527 0 3.33 0 174.2 - -7.27 
529 0 3.33 0 175.5 -7.66 
531 0 3.33 0 1n.5 -8.26 
533 0 3.33 0 178.7 -8.62 
535 0 3.33 0 179.7 -~-=--8.92 
537 0 3.33 0 180.8 -9.25 
539 0 3.33 0 181.9 -9.58 
541 1 3.33 1.251 183 -10.2 
543 2 3.33 2.501 184.1 -10-:7 
545 4 3.33 5.003 185.4 -11 .6 
547 5 3.33 6.254 186.6 -12.2 
549 7 3.33 8.755 186.3 -12.6 
551 10 3.33 12.51 185.9 -13.3 
553 12 3.33 15.01 185.5 -13.7 
555 ~, 3.33 13.76 183.6 -12.8 
557 10 3.33 12.51 181.7 -12 
- · · ---
559 10 3.33 12.51 179.8 -11.4 
561 10 3.33 12.51 1n.9 -10.9 
563 12 3.33 15.01 176 -10.8 
565 14 3.33 17.51 175 -11 
567 17 3.33 21.26 175.9 - 12 
569 18 3.33 22.51 172.9 -11 .4 
571 14 3.33 17.51 171.9 -10.1 
- · ·- -
573 10 3.33 12.51 171.7 - 9.01 
575 12 3.33 15.01 173.9 -10.2 
5n 13 3.33 16.26 176.1 -11.1 
579 13 3.33 16.26 178.4 -11.8 
581 12 3.33 15.01 180.6 -12.2 
583 11 3.33 13.76 182.8 - 12.6 
- ---
585 10 3.33 12.51 184.3 - 12.8 
587 8 3.33 10.01 185.5 -1f7 
- - · 
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Table A.1. FIELD STATICS SPECIFICATIONS. 
589 6 3.33 7.504 186 -12.3 
~591 . 7 3.33 8.755 186.5 -12.7 ,__ ___ 
593 8 3.33 10.01 187 -13.1 
595 6 3.33 7.504 187.6 -1~~ 
-- --- - ---
,_.. 
597 5 3.3.'3 6.254 188.1 -12.7 
599 3 3.33 3.752 188.6 -12.3 
601 2 3.33 2.501 189.3 -12.3 
603 2 3.33 2.501 190.1 -12.5 
- - · 605 5 3.33 6.254 191.3 -13.7 
607 3 3.33 3.752 192.5 -13.5 1- ... 
2 3.33 2.501 193.7 -13.6 609 
611 :J 3.33 3.752 195 -14.3 
r--- 613 4 3.33 5.003 196.2 - 14.9 
- · 615 5 3.33 6.254 197.5 -15.5 
·---,.,o- . 
6 3.33 7.504 198.7 -16.1 617 
- 619 6 3.33 7.504 199.5 -16.4 
1--621 7 3.33 8.755 199.9 -16.7 
623 7 3.33 8.755 200.4 -16.9 
--625 ---=-8 -- 3.33 10.01 201.6 -17.5 
627 8 3.33 10.01 202.9 -17.9 
629 7 3.33 8.755 204.2 -18 
631 7 3.33 8.755 205.4 -18.4 
633 10 3.33 12.51 206.7 -19.5 
635 12 3.33 15.01 206.8 -20.1 
637 10 3.33 12.51 206.8 -19.6 
- · -,-=-=- '--·- 3.33 8.755 206.8 -18.8 639 7 f--- ·· 0 3.33 0 641 206.8 -17.1 
- -643 0 3.33 0 206.9 -17.1 
----645 0 3.33 0 206.4 -16.9 
647 0 3.33 0 206 -16.8 
649 (j 3.33 0 205.6 -16.7 
---·--
651 0 3.33 0 205.8 -16.8 
653 0 3.33 0 206.4 -16.9 
- ---
655 0 3.33 0 207 -17.1 
- -
·- 657 0 3.33 0 207.6 -17.3 
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Table A.1. FIELD STATICS SPECIFICATIONS. 
659 0 3.33 0 208.2 -17.5 
661 0 3.33 0 208.8 -17.7 
663 0 3.33 0 209.4 -17.8 
665 0 3.33 0 210.1 -18 
667 c 3.33 0 210.7 -18.2 
669 0 3.33 0 211.3 -18.4 
671 1 3.33 1.251 211.7 -1·8.8 
673 3 3.33 3.752 212.1 -19.4 
675 5 3.33 6.254 212.5 -20 
677 7 3.33 8.755 212.9 -20.6 
679 10 3.33 12.51 213.3 -21 .5 
681 15 3.33 18.76 213.6 -22.8 
683 18 3.33 22.51 213.5 -23.6 
685 20 3.33 25.01 214.3 -24.3 
687 22 3.33 27.52 215.1 -25 
689 25 3.33 31 .27 216 -26.1 
691 31 3.33 38.n 216.4 -27.7 
693 40 3.33 50.03 216.9 -30.1 
695 70 3.33 87.55 217.2 -37.7 
697 74 3.33 92.55 217.4 -38.7 
699 75 3.33 93.8 217.6 -39 
701 76 3.33 95.05 217.7 -··: -39.3 
703 76 3.33 95.05 217.9 -39.4 
705 7f.. 3.33 93.8 218.5 -39.3 
707 73 3.33 91.3 219.2 - 39 
709 72 3.33 90.05 219.9 -39 
711 70 3.33 87.55 220.5 -38.7 
713 68 3.33 85.05 221.2 -38.4 
715 67 3.33 83.8 221.9 -38.3 
717 67 3.33 83.8 221.8 - 38.3 
719 67 3.33 83.8 221.5 -38.2 
721 67 3.33 83.8 221.1 -38.1 
723 67 3.33 83.8 220 -37.8 
-· 
725 67 3.33 83.8 216.9 - 36.8 
727 67 3.33 83.8 213.8 -35.9 
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Table A.1. FIELD STATICS SPECIFICATIONS. 
729 57 3.33 83.8 210.7 -35 
r-· 731 67 3.33 83.8 207.5 -34 
_7~f-- 67 3.33 83.8 207 -33.9 
'- _735 67 3.33 83.8 200.3 -31 .8 
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DMO Theory 
The impulse response in time-space coordinates of the DMO operator derived by 
Biondi anJ Ronen (1987) is an ellipse: 
(8.1) 
where ~ is the location of the impulse and x represents full offset. The above equation 
is only part of the operator, no amplitude information is included in it. Amplitude 
information is ignored at this point due to its uncenainty. It would be expensive to 
perform DMO using equation B.l. Therefore, a change of variables has to be made that 
transforms equatir>n B.l. 
Let x = exp (p), Xo = exp (po) 
t = exp (s) .to = exp (so), then: 
(exp(s -s0 ) ) 2 + (exp(p-p0 ) - 1) 2 = 1 (B.2) 
Equation B.2 is more pleasing than equation B.l lx'cause the form of the curve docs not 
change with (So,po), therefore convolution applies and a fast algorithm could be written. 
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But, the change of variables involves a logarithmic stretch which will usually increase 
the size of the shot record. The amount of increase is dependent on the frequency and 
wavenumber content of the data, and also on the start time and near offset. The 
transformation makes time zero and offset zrro to map to infinity in the p and s domains. 
111ere must be a non-zero start time and a non-zero offset. DMO in shot records is a 
compromise. The offset direction is log transformed so vectoring could be used, and the 
time axis is left as it is, to avoid additional data to process. The reason x axis is chosen 
to be transformed is that normalised wavenumbers for a moved-out shot tend to be lower 
as compared to the ncrmalised frequencies, therefore this direction would be less 
sensitive to the transformation. 
After log transforming x axis, equation B.l becomes: 
(~) 2 + (exp(p- P0 ) - 1) 2 = 1 t1 {B. 3) 
If pis made the subject of the formula in equation B.3, the following expression is 
obtained: 
(B.4) 
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A plot of equation B.4 is shown in figure B.l. Figure 8.2 shows the plot of the same 
equation with different p0's and to's. Note that the form of the curve does not change 
with Po, rather it changes with to. 
Equation B.3 can now be used to produce an algorithm that will perform DMO. 
Consider the following integral; 
g(C,p) "'jAf (s,p- log ( 1- ~l- ( ~) 2]ds 
t 
+ JBt (s,p- log[ 1 + ~1- ( !>2J)ds (8.5) 
t 
where f(t,p) is the stretched NMO-corrected shot record, g(t,p) is the stretched zero 
offset section and A and Bare arbitrary functions to be determined. It is hoped that this 
integral will give the proper t-p relationship by substituting a delta functio.1 at some 
location for the function f, i.e let f(s,p) = A(s-fo)*A(p-po), and solve the integral: 
g(C,p) ""JAA (s- t 0 ) • A(p- Po -ln [1- •/1- (t/s)l] ds 
t 
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0 p 
...................... 
t 
Figure B.1. Plot of equation B.4. PO was set to zero for this plot {Biondi and 
Ronen, 1987). 
0 p 
···----·-· .......... .... ...... .. 
t 
Figure B.2. Plot of equation B.4 for different values for PO's and tO 's (Biondi 
and Ronen, 1987). 
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+ Jsb.(s-t0 ) • ACp-p0 -ln [1 + ../1- (t/s) 2J )ds ( 8 • 6 ) t 
By the definition of the delta function, the above integral will only have non-zero values 
when s is equal to fo, and 
P- Po -log (1- ../1- (t/s) 2 ) = 0 (8.7) 
and 
P - Po - 1 og ( 1 + .j 1 - ( tIs) 2) 0 (8.8) 
Substituting to for s in the above equations, we arrive at equation 8.4, the desired time 
response. Applying Fourier transform in p on the above equation the following 
expression is obt2ined: 
g(t,k) = JAf (S,k) eJkln 11-../1- ft/•J 2Jds 
t 
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+ J Bf ( s, k) eilcln<l • ../t - < t/•l Jl ds 
t 
(8.9) 
There are no restrictions on the values of A and B because the amplitudes of DMO are 
uncertain. However, a convenient c'toice of A and B wouJd be the derivatives of 
log (1- {1 - (t/s)i (8.10) 
and 
- log(l - J1 + (t/s)2 (8.11) 
with respect to s. 
The final resuJt after all the analytical computations is: 
g (mt1t,k) = E f(nAt,k) [ejklnll-Jl-<~· 1121 
n•m 
jkln[l- .It- (~) 1] jkln(l • .It- e-m-) a] 
-e V n -e V n•1 
jkln(l • {1-~2! 
+ e n (8.12) 
128 
Appendix B 
where t = m * dt and s = n • dt. The above expression is the operator used to DMO 
in shot records. 
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Figure 4.2. Main n 
of the seismic pro1 
reflection packages; 
0.2 to 0.6 s TWT; tl 
unconformity II u n i: 
~. Main reflection packages, faults and unconformity 
smic profile. Packages "A" to "G" mark the main 
packages; "R" is a major reflector which extends from 
s TWT; the faults are shown as vertical thin I i nes and 
lity "U" is shown by a dashed line. 
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Figure 3 .19. Bandpass filter test panels of stacked section from 
CMP 660 to 700. The numbers at the top of the panels indicate 
range of frequencies passed, for example, 20T040 means only 
frequencies between 20 to 40Hz inclusive, were passed in the 
filter. Note how events get out of focus at high frequencies. 
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Figure 3.2. Binning strategy chart. The scale is 1:50 and the 
axes are in UTM zone 21 coordinates. 
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